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ABSTRACT
Some o f  th e  f a c t o r s  a f f e c t i n g  th e  f lo w  o f  g a s  and 
l i q u i d  th ro u g h  so f tw o o d s  and hardw oods w ere s t u d i e d .  
C om m ercial s p e c i e s  fo u n d  l o c a l l y  in  L o u is ia n a  w ere u s e d .  
L o n g itu d in a l  sp ec im en s  a b o u t 7 / 8 - in c h  in  d ia m e te r  and 
a b o u t 1 .2  in c h e s  lo n g  w ere o b ta in e d  w ith  p lu g  c u t t e r s  
from  f r e s h l y  c u t  d i s c s .
M easurem ents w ere made t o  d e te r m in e  i f  t h e r e  was 
any ch an ge in  th e  p e r m e a b i l i t y  o f  wood sp ec im en s  t o  
l i q u i d  due t o  d r y in g  h i s t o r y .  When th e  p e r m e a b i l i t y  o f  
n e v e r - d r ie d  sp e c im e n s  in  th e  s a t u r a t e d  c o n d i t io n  was 
com pared w ith  t h a t  o f  sa m p le s  w h ich  had b een  r e - s a t u ­
r a te d  f o l lo w in g  d r y in g  n e a r  f i b e r  s a t u r a t io n  p o i n t ,  th e  
l a t t e r  was two t o  t e n  t im e s  g r e a t e r  in  h i g h ly  p erm eab le  
w oods and a s  much a s  50 t im e s  in  low  p e r m e a b i l i t y  w ood s.
The r e l a t i v e  p e r m e a b i l i t y  o f  wood was d e term in ed  
by s im u lta n e o u s  f lo w  o f  n i t r o g e n  g a s  and w a te r .  The 
r a t i o  o f  th e  in d iv id u a l  e f f e c t i v e  p e r m e a b i l i t i e s  o f  th e  
two f l u i d s  t o  th e  p e r m e a b i l i t y  o f  th e  sp ec im en  t o  w a ter  
a t  100 p e r c e n t  s a t u r a t io n  was p l o t t e d  a g a in s t  th e  s a t u ­
r a t i o n  o f  th e  sp e c im e n . The r e l a t i v e  p e r m e a b i l i t y  cu rv e  
was fou n d  t o  be a  f u n c t io n  o f  th e  p o re  s t r u c t u r e  and n o t  
o f  th e  s p e c i f i c  p e r m e a b i l i t y  o f  th e  w ood.
xii
The r e l a t i o n s h i p  b e tw e e n  p e r m e a b i l i t y  o f  wood t o  
g a s  and t h a t  t o  w a te r  w as a l s o  s t u d i e d .  The g a s  p erm e­
a b i l i t y  a t  v a r io u s  mean p r e s s u r e s  w as e x t r a p o l a t e d  t o  
i n f i n i t e  p r e s s u r e  and com p ared  w it h  t h e  l i q u i d  p erm e­
a b i l i t y  o f  t h e  s p e c im e n s .  The e x t r a p o l a t e d  g a s  p erm e­
a b i l i t y  w as fo u n d  t o  b e  h ig h e r  th a n  t h e  w a te r  p erm e­
a b i l i t y .  T h is  phenom enon may b e  due t o  t h e  i n f l u e n c e  o f  
w a te r  on t h e  p o r o u s  m a t e r i a l  (w o o d ) , t h u s  a f f e c t i n g  t h e  
f lo w  o f  t h e  f l u i d s  th r o u g h  i t .  The e f f e c t  o f  g a s  s l i p ­
p a g e  a lo n g  t h e  c a p i l l a r y  w a l l s  w as n o t e d  t o  d e c r e a s e  
w it h  an i n c r e a s e  i n  p e r m e a b i l i t y .
The t r e a t a b i l i t y  o f  t h e  wood s p e c im e n s  w it h  b o th  
w a te r -b o r n e  an d  o i l  p r e s e r v a t i v e s  w as c o r r e l a t e d  w ith  
t h e  p e r m e a b i l i t y  o f  t h e  s p e c im e n s .  T r e a t a b i l i t y  w as 
fo u n d  t o  b e  h i g h l y  c o r r e l a t e d  w i t h  p e r m e a b i l i t y  when  
t h e  v a l u e s  o f  b o th  s o f t w o o d s  and h ard w ood s w ere  a n a ­
l y z e d  t o g e t h e r .  S e p a r a t e l y ,  th e  t r e a t a b i l i t y  o f  t h e  
s o f tw o o d s  w as n o t  a s  h i g h l y  c o r r e l a t e d  w i t h  p e r m e a b i l ­
i t y  a s  in  t h e  h a r d w o o d s . One r e a s o n  f o r  t h i s  d i f f e r e n c e  
m ay b e  due t o  t h e  in c r e a s e d  a s p i r a t i o n  o f  t h e  b o r d e r e d  
p i t s  in  s o f t w o o d s  b r o u g h t  a b o u t  b y  d r y in g .  A n o th e r  
r e a s o n  may b e  t h e  l i m i t e d  num ber o f  s o f tw o o d  s p e c im e n s  
u s e d  in  t h i s  s t u d y .  The e f f e c t i v e  p e r m e a b i l i t y  o f  t h e  
s p e c im e n s  t o  w a te r  a t  t h e  t e r m in a t io n  o f  a n  i m b i b i t i o n -  
t y p e  r e l a t i v e  p e r m e a b i l i t y  m easu rem en t w as fo u n d  t o  be
x i i i
a  g o o d  in d e x  f o r  p r e d i c t i n g  t h e  t r e a t a b i l i t y  o f  wood a s  
w e l l  a s  o t h e r  k in d s  o f  p e r m e a b i l i t y  v a lu e s *
The r e l a t i o n s h i p  b e tw e e n  c a p i l l a r y  p r e s s u r e  and  
m o is t u r e  r e m o v a l from  wood w as a l s o  i n v e s t i g a t e d .  Wood 
s p e c im e n s  w e re  p la c e d  in  a  r e f r i g e r a t e d  c e n t r i f u g e  and  
s u b j e c t e d  t o  v a r io u s  r o t a t i o n a l  s p e e d s .  The c a p i l l a r y  
p r e s s u r e  o f  t h e  sp e c im e n  g e n e r a t e d  b y  t h e  r o t a t i o n  w as 
p l o t t e d  a g a i n s t  t h e  p e r c e n t a g e  s a t u r a t i o n  o f  t h e  s p e c ­
im e n . The d e g r e e  o f  s a t u r a t i o n  t o  w h ic h  m o is t u r e  i n  t h e  
wood w as r e d u c e d  w as fo u n d  t o  b e  a  f u n c t i o n  o f  t h e  
s t r u c t u r e  o f  t h e  s p e c im e n . F o r  a  g i v e n  s p e c i e s ,  t h e  
am ount o f  m o is t u r e  rem oved  w as d e p e n d e n t  a l s o  upon th e  
p e r m e a b i l i t y  o f  t h e  s p e c im e n .
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INTRODUCTION
P e r m e a b i l i t y ,  w h ich  i s  a  m easu re  o f  t h e  e a s e  w it h  
w h ich  a  f l u i d  p a s s e s  th r o u g h  a p o r o u s  m a t e r ia l  u n d er  a  
p r e s s u r e  g r a d ie n t ,  i s  one p r o p e r ty  o f  wood w h ic h  h a s  
b een  t h e  s u b j e c t  o f  num erous s t u d i e s  e s p e c i a l l y  in  t h e  
p a s t  d ecad e*  M ost o f  t h e s e  s t u d i e s  h ave  b e e n  c o n c e r n e d  
n o t  s o  much w ith  t h e  q u a n t i t a t i v e  v a lu e s  f o r  a  g iv e n  
s p e c i e s  o r  wood t y p e  a s  w i t h  th e  f a c t o r s  a f f e c t i n g  i t .  
P e r m e a b i l i t y  p l a y s  a  s i g n i f i c a n t  r o l e  in  i n d u s t r i a l  
wood p r o c e s s e s  t h a t  in v o lv e  t h e  im p r e g n a t io n  o f  l i q u i d s  
i n t o  wood su ch  a s  p r e s e r v a t i v e  t r e a t m e n t ,  f i r e  p r o o f in g  
and p u lp in g  p r o c e s s e s ,  o r  l i q u i d  rem o v a l a s  i n  d r y in g .  
E f f o r t s  t o  u n d e r s ta n d  t h e s e  p r o c e s s e s  more f u l l y  h a v e  
b een  d i r e c t e d  th r o u g h  th e  s t u d y  o f  wood p e r m e a b i l i t y .
I n  th e  p a s t ,  m easurem ent o f  wood p e r m e a b i l i t y  h a s  
b een  d on e e x c l u s i v e l y  w ith  a  s i n g l e  f lo w in g  p h a s e .  P r e ­
d o m in a n t ly , su ch  m easu rem en t w as don e w ith  g a s  b e c a u s e  
th e  t e c h n iq u e  i s  s im p le ,  b u t  l a t e l y ,  more r e s e a r c h  on  
wood p e r m e a b i l i t y  h a s  b e e n  c o n d u c te d  w ith  l i q u i d s .  The 
p e r m e a b i l i t y  c o n s t a n t s  o b t a in e d  from  e i t h e r  g a s  o r  
l i q u i d  m ea su rem en ts h ave  b e e n  u s e d  a s  an in d e x  f o r  c o r ­
r e l a t i o n  w ith  o t h e r  wood p r o p e r t i e s  and w ere  t r e a t e d  a s  
i f  t h e y  w ere i d e n t i c a l .  T h is  p r a c t i c e  may h a v e  r e s u l t e d
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fro m  t h e  f a c t  t h a t  t h e  p e r m e a b i l i t y  c o e f f i c i e n t  o f  a  
p o r o u s  medium i s  a  u n iq u e  p r o p e r t y  and i t  i s  n o t  i n f l u ­
e n c e d  b y  t h e  p e r m e a t in g  f l u i d  a s  l o n g  a s  t h e  v i s c o s i t y  
o f  th e  f l u i d  i s  a c c o u n te d  f o r  and t h e  f lo w  s a t i s f i e s  
t h e  c o n d i t i o n s  u n d e r  w h ich  D a r c y 's  Law a p p l i e s ,  i . e . ,  
la m in a r  o r  v i s c o u s  f l o w ,  f lo w  r a t e  i s  d i r e c t l y  p r o p o r ­
t i o n a l  t o  p r e s s u r e  g r a d i e n t ,  and t h e  p e r m e a t in g  f l u i d  
d o e s  n o t  r e a c t  w i t h  t h e  p o r o u s  m edium .
O th er  f a c t o r s  a l s o  a f f e c t  t h e  f lo w  o f  f l u i d s  
th r o u g h  p o r o u s  m e d ia . I n  t h e  d e t e r m in a t io n  o f  t h e  p e r ­
m e a b i l i t y  o f  r o c k s ,  K lir ik e n b e r g  ( 1 9 ^1 ) sh ow ed  t h a t  t h e  
p e r m e a b i l i t y  v a lu e  f o r  g a s  i s  a lw a y s  h ig h e r  th a n  t h a t  
f o r  l i q u i d  i f  t h e  phenom enon o f  g a s  s l i p p a g e  a lo n g  th e  
c a p i l l a r y  w a l l s  o f  t h e  s y s te m  i s  n o t  c o n s i d e r e d .  S m ith  
and L ee  (1 9 5 8 )  p o in t e d  o u t  t h e  d i s c r e p a n c y  b e tw e e n  
m ea su red  p e r m e a b i l i t y  v a l u e s  f o r  n i t r o g e n  and l i q u i d  
t o l u e n e .  A c o m p r e h e n s iv e  s t u d y  w as c o n d u c te d  b y  Coin- 
s t o c k  ( 1 9 6 7 ) t o  d e te r m in e  t h e  r e l a t i o n s h i p  b e tw e e n  g a s  
and l i q u i d  f l o w .  He r e p o r t e d  t h a t  t h e  p e r m e a b i l i t y  o f  
wood i s  in d e p e n d e n t  o f  th e  f l u i d  i f  c o r r e c t i o n  f o r  s l i p -  
f l o w  i s  made when g a s  i s  u s e d .
C o r r e l a t i o n  s t u d i e s  b e tw e e n  p e r m e a b i l i t y  and o t h e r  
wood p r o p e r t i e s  h a v e  s o  f a r  b e e n  made w i t h  p e r m e a b i l i t y  
c o e f f i c i e n t s  from  s i n g l e - p h a s e  f lo w  m e a s u r e m e n ts . In  
su c h  m ea su r em e n ts  t h e  wood sa m p le s  w e re  e i t h e r  i n  th e
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d r ie d  c o n d i t i o n  i f  g a s  was u se d  o r  c o m p le t e ly  s a t u r a t e d  
w ith  th e  p e r m e a t in g  l iq u i d *  I n  p r e s e r v a t i v e  im p regn a­
t i o n s  and s i m i l a r  p r o c e s s e s ,  th e  wood i s  n o t  f u l l y  
s a t u r a t e d  n o r  c o m p le t e ly  f r e e  o f  t h e  p e r m e a t in g  f l u i d  
b e f o r e  o r  d u r in g  t r e a t m e n t .  F lu id  m ovem ent u n d er  su ch  
c o n d i t i o n s  i s  a  m u lt i - p h a s e  phenom enon and t h e  m echa­
n is m s  c o n t r o l l i n g  i t  a r e  q u i t e  d i f f e r e n t  from  t h o s e  
a f f e c t i n g  s i n g l e - p h a s e  f l o w .  F or t h i s  r e a s o n  t h e  perm e­
a b i l i t y  o f  wood u n d er  m u lt i - p h a s e  f l o w  may b e  a  more 
a p p r o p r ia t e  v a lu e  t o  u s e  when m aking c o r r e l a t i o n  
s t u d i e s  i n v o l v i n g  f l u i d  m ovem ent th r o u g h  w ood .
T h is  s e r i e s  o f  e x p e r im e n ts  was u n d e r ta k e n  t o  
s t u d y  t h e  f a c t o r s  t h a t  a f f e c t  g a s  and  l i q u i d  f lo w  in  
hardw oods and so ftw o o d s*  t o  d e te r m in e  i f  a  r e l a t i o n ­
s h ip  e x i s t s  b e tw e e n  t h e  g r o s s  p o r e  s t r u c t u r e  o f  wood 
and i t s  r e l a t i v e  p e r m e a b i l i t y ,  t o  c o r r e l a t e  p e r m e a b i l ­
i t y  and t r e a t a b i l i t y  o f  w ood, and t o  s tu d y  th e  e f f e c t  
o f  t h e  r e m o v a l o f  w a te r  a b o v e  t h e  f i b e r  s a t u r a t i o n  
p o i n t  on t h e  b u i ld - u p  o f  c a p i l l a r y  p r e s s u r e  in  w ood .
THEORETICAL CONSIDERATIONS
P e r m e a b i l i t y
L iq u id  p e r m e a b i l i t y .  —  The f i r s t  known d e s c r i p ­
t i o n  o f  t h e  f l o w  o f  a  l i q u i d  th r o u g h  a  p o r o u s  m a t e r i a l  
w as t h e  w ork  o f  D a r c y  (M u sk at 1 9 3 7 )  o n  t h e  f l o w  o f  wa­
t e r  th r o u g h  a  3and f i l t e r  b e d .  D a r c y  o b s e r v e d  t h a t  t h e  
r a t e  o f  f l o w  o f  w a t e r ,  Q, th r o u g h  t h e  b ed  w as d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  a r e a ,  A , o f  t h e  b e d  and t o  t h e  
d i f f e r e n c e  o f  t h e  f l u i d  h e a d s#  A h# o f  t h e  i n l e t  and  
o u t l e t  s u r f a c e s  o f  th e  b e d  and t h a t  i t  w as i n v e r s e l y  
p r o p o r t i o n a l  t o  t h e  d i s t a n c e #  L# b e tw e e n  t h e  tw o  s u r ­
f a c e s  i
QoC A Â h  \ ( i )
M uskat (1 9 3 7 )  d e m o n s tr a te d  t h a t  t h e  p r o p o r t i o n ­
a l i t y  f a c t o r  in  D a r c y ’ s  e m p i r i c a l  e q u a t io n  i s  a  c o n ­
s t a n t  f o r  a  g i v e n  m a t e r ia l*  He i l l u s t r a t e d  t h a t  e q u a ­
t i o n  ( 1 )  c o u ld  b e  w r i t t e n  a s i
Q = k A < d P /d x ) ( 2 )
S ym b o ls u s e d  a r e  d e f i n e d  in  A p p e n d ix  I •
k
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w h ere d P /d x  i s  th e  p r e s s u r e  g r a d ie n t  e x i s t i n g  i n  t h e  
s y s te m  and i t  i s  n e g a t iv e  s i n c e  i t  d e c r e a s e s  in  th e  
d i r e c t i o n  o f  f l o w .  The terra k i s  c a l l e d  p e r m e a b i l i t y  
and d e s c r i b e s  th e  c a p a c i t y  o f  t h e  m a t e r ia l  t o  a l lo w  
p a s s a g e  o f  f l u i d s  th r o u g h  i t .  The v i s c o s i t y  o f  w a te r  
i s  ta k e n  a s  1 * 0 . T h is  e q u a t io n  h a s  corae t o  b e  known a s  
D a r c y ’ s  Law.
I n  o r d e r  f o r  t h i s  e q u a t io n  t o  be a p p l i c a b l e  t o  
a  f lo w  sy s te m  c e r t a i n  c o n d i t i o n s  m ust b e  s a t i s f i e d .  The 
p e r m e a t in g  f l u i d  m ust b e  hom ogeneous and i t s  v e l o c i t y  
lo w  enough  t o  e x h i b i t  v i s c o u s  f l o w .  A s t e a d y - s t a t e  
c o n d i t i o n  o f  f lo w  s h o u ld  e x i s t ,  i . e . ,  v e l o c i t y  and  
p r e s s u r e  g r a d ie n t  s h o u ld  b e  u n ifo r m  th r o u g h o u t  th e  
l e n g t h  o f  th e  p o r o u s  m a t e r i a l .  The f lo w  r a t e  s h o u ld  be  
p r o p o r t io n a l  t o  t h e  p r e s s u r e  g r a d ie n t  o v e r  a  w id e  ra n g e  
o f  p r e s s u r e s .  S in c e  t h e  e q u a t io n  was d e r iv e d  w ith  w a te r  
a s  t h e  m o b ile  p h a s e ,  i t  s h o u ld  e s s e n t i a l l y  a p p ly  t o  
in c o m p r e s s ib le  f l u i d s .
I n  o r d e r  f o r  p e r m e a b i l i t y  t o  b e  s o l e l y  a  p r o p e r ty  
o f  t h e  p o r o u s  medium a f f e c t e d  o n ly  b y  i t s  own s t r u c t u r e  
and in d e p e n d e n t  o f  t h e  n a tu r e  o f  th e  f l u i d ,  M uskat (1 9 3 7 )  
in tr o d u c e d  th e  v i s c o s i t y  f a c t o r  in t o  D a r c y ’ s  e q u a t io n .  
I n t e g r a t i n g  e q u a t io n  ( 2 )  o v e r  th e  l e n g t h  o f  t h e  m a t e r ia l  
and r e a r r a n g in g  ter m s y i e l d *
w hore k i s  t h e  p e r m e a b i l i t y  in  D a r c y  o r  cm8 - c p / s e c - a t m  j 
H i s  th e  v i s c o s i t y  o f  t h e  f l u i d  i n  c e n t i p o i s e  and &P 
i s  t h e  p r e s s u r e  d rop  ( P i - P g )  a c r o s s  t h e  s y s te m  w h ere  
P a and P 8 a r e  t h e  u p s tr e a m  and d o w n strea m  p r e s s u r e s #  
r e s p e c t i v e l y .
The p e r m e a b i l i t y  c o e f f i c i e n t  k from  D a r c y 's  e q u a ­
t i o n  i s  m e r e ly  a  r e l a t i v e  v a lu e  b y  w h ic h  p o r o u s  m a te ­
r i a l s  c a n  b e  com p ared  w i t h  o n e  a n o t h e r .  I t  d o e s  n o t  
g i v e  a n y  m ea su re  o f  t h e  s i z e  o f  t h e  p o r e  s t r u c t u r e  o f  
t h e  m a t e r i a l .  One a t t e m p t  t o  r e l a t e  t h e  p h y s i c a l  d im en ­
s i o n s  o f  t h e  p o r e  s t r u c t u r e  o f  t h e  m a t e r ia l  t o  i t s  f l o w  
c a p a c i t y  i s  t h e  P o i s e u i l l e ' s  e q u a t io n  ( S c h e id e g g e r  1 9 5 7 )*  
T h is  e q u a t io n  r e l a t e s  t h e  f l o w  o f  an  in c o m p r e s s ib le  f l u ­
i d  i n  a  s t r a i g h t  c i r c u l a r  c a p i l l a r y i
w h ere  r  i s  t h e  r a d iu s  o f  t h e  c a p i l l a r y i  and t h e  o t h e r  
sy m b o ls  h a v e  t h e  sam e m ea n in g  a s  i n  t h e  p r e v io u s  e q u a ­
t i o n s .  E q u a t io n  (**) i s  a p p l i c a b l e  u n d e r  s i m i l a r  c o n d i ­
t i o n s  im p o sed  o n  D a r c y 's  e q u a t io n .
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Gas p e r m e a b i l i t y * —  For th e  f lo w  o f  g a s  th r o u g h  
a  p o r o u s  medium t o  s a t i s f y  th e  c o n d i t i o n s  im p osed  on 
D a r c y 's  Law and P o i s e u i l l e ' s  e q u a t io n ,  th e  c o m p r e ss ­
i b i l i t y  o f  g a s  sh o u ld  b e  a c c o u n te d  f o r .  B e ca u se  g a s  
i s  c o m p r e s s ib le  i t s  v e l o c i t y  d o e s  n o t  rem a in  u n ifo rm  
th r o u g h o u t  th e  l e n g t h  o f  t h e  m a t e r i a l .  I t  i s  f a s t e r  a t  
th e  o u t l e t  end b e c a u se  o f  th e  e x p a n s io n  t h a t  t a k e s  
p la c e  a t  a  lo w e r  p r e s s u r e .  E q u a t io n  ( 3 )  ca n  b e  m o d i­
f i e d  t o  a c c o u n t  f o r  g a s  c o m p r e s s i b i l i t y  b y  u s in g  th e  
p r o p e r t i e s  o f  an i d e a l  g a s  a s  shown b e lo w .
PV -  nRT
q = V = nRT 
y T t  P
nRT _ k A dp 
t p ’  g  H d x
l  *  kg  £  ( P i 3 -  P a 8 ) / 2  
PL -  kg  £  (P x -  P a ) P
«  »  \  £  ( P i  -  p » ) - f -
8
v -  Q * L I  ( 5 )
€  A AP P
w here k_ i s  th e  g a s  p e r m e a b i l i t y  in  D a r c y i P i s  th e
e
p r e s s u r e  a t  w h ich  t h e  f lo w  r a t e  i s  o b t a in e d ,  i n  atm*
P i s  th e  mean p r e s s u r e  i n  t h e  m a t e r ia l  i n  atm  and i s  
e q u a l t o  (P i  -  Pa ) / 2 .
E q u a t io n  (*f) c a n  l i k e w i s e  b e  m o d if ie d  t o  a c c o u n t  
f o r  g a s  c o m p r e s s i b i l i t y  d u r in g  f lo w  m ea su rem en ts i
tt r *  A P P t
8 T T  “ p ~ ~  t 6 )
E q u a t io n s  ( 5 )  and ( 6 )  s h o u ld ,  t h e r e f o r e ,  g iv e  t h e  
same v a l u e s  a s  t h o s e  p r e d i c t e d  by e q u a t io n s  ( 3 )  and ( * 0 .  
H ow ever, su c h  i s  n o t  t h e  c a s e .  As i n d ic a t e d  p r e v i o u s l y ,  
g a s  p e r m e a b i l i t y  c o e f f i c i e n t s  o b ta in e d  b y  th e  u s e  o f  
t h e s e  e q u a t io n s  f o r  a  g iv e n  p o r o u s  m a t e r ia l  a r e  a lw a y s  
h ig h e r  th a n  th o s e  f o r  w a t e r .  The l e s s  p e r m e a b le  th e  
m a t e r i a l ,  t h e  g r e a t e r  i s  t h e  d e v i a t i o n  b e tw e e n  g a s  and  
l i q u i d  p e r m e a b i l i t y .  I t  b ecom es a p p a r e n t , t h e r e f o r e ,  
t h a t  a  phenom enon o t h e r  th a n  c o m p r e s s i b i l i t y  i s  a f f e c t ­
in g  p e r m e a b i l i t y  m easu rem en t w ith  g a s .  Gas f lo w  i s  
fo u n d  t o  b e  a  f u n c t i o n  o f  t h e  mean f r e e  p a th  (X ) o f  t h e  
g a s .  F a c t o r s  a f f e c t i n g  t h e  mean f r e e  p a th  o f  a  g a s  su c h  
a s  te m p e r a tu r e , p r e s s u r e  and n a tu r e  o f  th e  g a s  s h o u ld
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a l s o  a f f e c t  g a s  f lo w  (K lin k e n b e r g  1 9 ^ 1 ) .
The v e l o c i t y  o f  th e  f l u i d  a t  th e  tu b e  w a l l  i s  
assum ed t o  b e  z e r o  in  e q u a t io n s  ( 3 )  and (Jf)* Such an  
a ssu m p tio n  i s  n o t  made in  e q u a t io n s  ( 5 )  and ( 6 )  f o r  th e  
m o le c u le s  n e a r  th e  tu b e  w a l l  h a v e  a  f i n i t e  v e l o c i t y .  As 
a  c o n se q u e n c e  P o i s e u i l l e ' s  e q u a t io n  p r e d i c t s  a  lo w e r  
f lo w  v a lu e  th a n  t h a t  w h ich  a c t u a l l y  e x i s t s  (K lin k e n ­
b e r g  19 ^ 1 )*
Prom k i n e t i c  t h e o r y ,  K nudsen ( S c h e id e g g e r  1 9 5 7 )  
d e te r m in e d  t h e  e f f e c t  o f  s l i p - f l o w  and o b t a in e d  th e  
f o l l o w in g  r e l a t i o n s h i p !
Q = ^  (2TTRT/M)^(r3/L )(A P /t> ) ( 7 )
w h ere R i s  th e  g a s  c o n s t a n t ,  T i s  t h e  a b s o lu t e  tem p er ­
a tu r e  and M i s  t h e  m o le c u la r  w e ig h t  o f  t h e  g a s*  Where 
t h e  mean f r e e  p a th  o f  t h e  g a s  i s  co m p a ra b le  w ith  t h e  
s i z e  o f  t h e  c a p i l l a r y ,  a  c o m b in a t io n  o f  v i s c o u s  and  
m o le c u la r  ( s l i p )  f lo w  o c c u r s .  Adzum i (1 9 3 7 )  com bined  
P o i s e u i l l e * s  and K n u d se n 's  e q u a t io n s  t o  d e s c r ib e  su ch  
f l o w .  A d zu m i's  e q u a t io n  f o r  a  s i n g l e  c a p i l l a r y  1 s t
Q = g  l ?  p + v < y ) ( » « * / * « ) *
(r’/ D k P / P ) (8)
10
S k a a r ^  show ed  t h a t  e q u a t io n  ( 8 )  c a n  h e  r e d u c e d  t o  
e q u a t io n  ( 9 )  b y  u s in g  th e  e q u i v a l e n t  f o r  t h e  mean f r e e  
p a th  o f  g a s  e
X  = (2 L i /P ) (R T /to )^ .
S u b s t i t u t i n g  0 .9  f o r  Y» t h e  A dzum i c o n s t a n t  f o r  a  s i n ­
g l e  g a s  m ov in g  th r o u g h  a  c i r c u l a r  c a p i l l a r y ,  i n  e q u a ­
t i o n  ( 8 ) ,  t h i s  e q u a t io n  c a n  b e  r e d u c e d  t o  e q u a t io n  ( 9 )  
a s  show n in  A p p e n d ix  I I  Ai
o  n r  AP P ( 1  + J U 8 2 2 J I )  ( 9 )
8 n L P r
Q u ite  in d e p e n d e n t  from  A d zu m i, K lin k e n b e r g  (194-1) 
d e v e lo p e d  an  e q u a t io n  f o r  t h e  g a s  s l i p - f l o w  e f f e c t  on  
t h e  sam e a s s u m p t io n  t h a t  f l o w  i s  o c c u r r in g  th r o u g h  a  
c y l i n d r i c a l  tu b e *
8  =  H ' f l  ( 1  +  ! L 7 2 l )  < 1 0 )
w h ere  c  i s  a  c o n s t a n t .  B oth  e q u a t io n s  ( 9 )  and ( 1 0 )  r e ­
d u ce  t o  P o i s e u i l l e ' s  e q u a t io n  ( 6 )  i f  t h e  m ean f r e e  p a th  
o f  t h e  g a s  a p p r o a c h e s  z e r o  o r  when n o  s l i p p i n g  o f  t h e
■ ^ P e r s o n a l  c o m m u n ic a tio n  w ith  D r . C h r i s t e n  S k a a r ,  
P r o f e s s o r ,  S t a t e  U n i v e r s i t y  o f  New Y ork C o l l e g e  o f  Envi*  
r o n m e n ta l S c i e n c e  and F o r e s t r y ,  S y r a c u s e ,  New Y o r k .
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f l u i d  on  th e  tu b e  w a l l  t a k e s  p l a c e .
E q u a tio n  (1 0 )  can  b e  r e d u c e d  t o  e q u a t io n  ( 1 1 )  by  
th e  u se  o f  e q u a t io n s  (3 )»  ( 4 )  and ( 5 )  a s  Bhown in  
A p p en d ix  I I  Bt
S in c e  th e  mean f r e e  p a th  i s  i n v e r s e l y  p r o p o r t io n a l  t o  
t h e  mean p r e s s u r e ,
w h ere b i s  a  m a t e r ia l  c o n s t a n t ,  e q u a t io n  (1 1 )  c a n  th e n  
be w r i t t e n  a s i
w h ere k i s  th e  t r u e  p e r m e a b i l i t y  o f  th e  m a t e r i a l .  E qua­
t i o n  ( 1 2 )  h a s  g e n e r a l l y  b e e n  r e f e r r e d  t o  a s  t h e  K l in -  
k e n b er g  e q u a t io n .  E q u a t io n  ( 9 )  ca n  l i k e w i s e  b e  red u c ed  
t o  th e  same r e l a t i o n s h i p  a s  in  e q u a t io n  ( 1 2 ) .  I t  ca n  be  
r e a d i l y  s e e n  t h a t  e q u a t io n  ( 1 2 )  i s  an  e q u a t io n  o f  a  
s t r a i g h t  l i n e .  When k i s  p l o t t e d  a g a i n s t  1 /P ,  t h e  l i n e  
h a s  a s lo p e  o f  kb and an i n t e r c e p t  o f  k .  The t r u e  p e r ­
m e a b i l i t y  o f  a  m a t e r ia l  c a n , t h e r e f o r e ,  b e  t h e o r e t i c a l l y
k = k (1 + ft.-S.A ) .g r ( U )
k -  k (1  + b /P )
&
( 1 2 )
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o b ta in e d  from  g a s  p e r m e a b i l i t y  m easu rem en ts by t a k in g  
p e r m e a b i l i t y  v a l u e s  a t  d i f f e r e n t  mean p r e s s u r e s  and 
e x t r a p o l a t i n g  t h e  v a lu e s  t o  1/ P *= 0*
S in c e  s l i p - f l o w  e f f e c t s  a r e  l e s s  p ron ou n ced  in  
c a p i l l a r y  s y s te m s  w here t h e  p o r e  s i z e s  a r e  much l a r g e r  
th a n  t h e  mean f r e e  p a th  o f  th e  g a s*  b e t t e r  d e f i n i t i o n  
o f  t h i s  e f f e c t  w ou ld  b e  o b ta in e d  in  m a t e r i a l s  w ith  low  
p e r m e a b i l i t y  due t o  s m a ll  p o r e  s i z e .  When t h e  mean f r e e  
p a th  o f  th e  g a s  i s  made s m a ll  b y  h ig h  p r e s s u r e s * P 
a p p r o a c h e s  i n f i n i t y  and t h e  g a s  p e r m e a b i l i t y  s h o u ld  
ap p roach  t h a t  f o r  l i q u i d s  (K lin k e n b e r g  1 9 ^1 ) .
R e l a t i v e  p e r m e a b i l i t y . —  P e r m e a b i l i t y  i s  a  m a te ­
r i a l  c o n s t a n t  p r o v id e d  th e  p e r m e a t in g  f l u i d  s a t u r a t e s  
t h e  p o r e  s p a c e s  o f  t h e  m a t e r ia l  c o m p le t e ly .  T h is  p erm e­
a b i l i t y  t o  a  s i n g l e  f l u i d  i s  term ed  h e r e  a s  s p e c i f i c  
p e r m e a b i l i t y .
When th e  f l u i d  s a t u r a t i o n  i s  r e d u c e d  b e lo w  100  
p e r c e n t  b y  a n o th e r  f l u i d  th e  p e r m e a b i l i t y  o f  th e  medium  
v a r i e s  from  t h e  s p e c i f i c  v a l u e .  P e r m e a b i l i t y  t o  th e  
m o b ile  p h a se  b ecom es a f f e c t e d  b y  t h e  o t h e r  f l u i d  e v e n  
when su c h  f l u i d  r e m a in s  im m o b ile . The f lo w  c a p a c i t y  o f  
t h e  c o m p o s ite  p o r o u s  medium w ith  i t s  f l u i d s  becom es  
d ep e n d en t upon t h e  n a tu r e  o f  th e  f l u i d s *  t h e  am ounts 
p r e s e n t  and t h e i r  d i s t r i b u t i o n  in  t h e  p o r e  s t r u c t u r e  o f  
th e  m edium . The p e r m e a b i l i t y  e x p r e s s e d  i n  term s o f  th e
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i n d i v i d u a l  p e r m e a b i l i t y  o f  t h e  m o b ile  p h a s e s  i s  term ed  
e f f e c t i v e  p e r m e a b i l i t y  ( C r a f t  and HawleinB 1 9 5 9 )*
D a r c y 's  Law i s  s l i g h t l y  m o d if ie d  in  d e f i n i n g  t h e  
p e r m e a b i l i t y  v a l u e s  o f  t h e  m a t e r ia l  when i t s  s a t u r a t i o n  
b y  a  s i n g l e  f l u i d  i s  la B s  th a n  100  p e r c e n t .  The e q u a ­
t i o n  i s  a p p l i e d  i n d i v i d u a l l y  t o  e a c h  m o b ile  p h a se  w i t h  
t h e  i n d i v i d u a l  f lo w  r a t e s  and v i s c o s i t i e s  o f  e a c h  p h a s e  
u s e d  in  t h e  c a l c u l a t i o n .  I f  w a te r  i s  o n e  o f  t h e  m o b ile  
p h a s e s ,  t h e n  t h e  e f f e c t i v e  p erm eab iJL ity  t o  w a te r  i s  
g iv e n  b y  t h e  f o l l o w i n g  r e l a t i o n s h i p i
Q u L 
lr  =  w w
ew A AP U }
S in c e  t h e  e f f e c t i v e  p e r m e a b i l i t y  i s  e n t i r e l y  
d e p e n d e n t  u p on  th e  s a t u r a t i o n  o f  t h e  m a t e r i a l  b y  t h e  
p h a s e s ,  t h e  s a t u r a t i o n  o f  th e  medium b y  t h e  r e s p e c t i v e  
p h a s e s  s h o u ld  accom pan y t h e  e f f e c t i v e  p e r m e a b i l i t y  
v a l u e s .  B e c a u se  o f  t h e  num erous s a t u r a t i o n  v a l u e s  t h a t  
a n  i n d i v i d u a l  p h a se  c a n  h a v e  i n  t h e  s y s t e m , t h e  e f f e c ­
t i v e  p e r m e a b i l i t y  1b e x p r e s s e d  a s  a  r a t i o  o f  t h e  s p e ­
c i f i c  p e r m e a b i l i t y  o f  t h e  m a t e r i a l .  T h is  r e l a t i o n s h i p  
i s  term ed  r e l a t i v e  p e r m e a b i l i t y . The f lo w  r a t e s  o f  t h e  
p h a s e s  a r e  d e p e n d e n t  upon  t h e i r  r e l a t i v e  v i s c o s i t i e s  
and t h e i r  r e l a t i v e  p e r m e a b i l i t i e s t
I k
krw -  ke w A  O b )
w here i e  th e  r e l a t i v e  p e r m e a b i l i t y  t o  w a t e r .
C a p i l l a r y  P r e s s u r e
S u r fa c e  t e n s i o n . —  M o le c u le s  w h ich  a r e  a l i k e  and  
a t t r a c t  e a ch  o t h e r  e x h i b i t  a  c o h e s iv e  f o r c e  w h i le  u n l ik e  
m o le c u le s  t h a t  a t t r a c t  e a ch  o t h e r  d i s p l a y  an a d h e s iv e  
f o r c e .  T h is  m o le c u la r  a t t r a c t i o n  e x p l a in s  c e r t a i n  s u r ­
f a c e  p r o p e r t i e s  o f  m a t e r i a l s .  C o n s id e r  a  l i q u i d  w hose  
s u r f a c e  i s  e x p o se d  t o  i t s  v a p o r .  The m o le c u le s  o f  th e  
l i q u i d  b e lo w  th e  s u r f a c e  a r e  s u b j e c t e d  t o  e q u a l  c o h e ­
s i v e  f o r c e s  in  a l l  d i r e c t i o n s  b y  t h e  o t h e r  m o le c u le s .  
T h ose a t  th e  s u r f a c e  a r e  in  a  n o n -u n ifo r m  f i e l d  and a r e  
s u b j e c t e d  t o  a  n e t  a t t r a c t i v e  f o r c e  t h a t  t e n d s  t o  p u l l  
them  to w a rd  th e  i n t e r i o r  o f  t h e  b od y  o f  l i q u i d .  B e ca u se  
o f  t h e s e  d i f f e r e n t i a l  f o r c e s  a c t i n g  on  th e  m o le c u le s  a t  
and b e lo w  th e  s u r f a c e  o f  th e  l i q u i d ,  th e  l i q u i d  t e n d s  
t o  c o n t r a c t  t o  a  minimum a r e a .  T h is  e x p l a in s  why a  d rop  
o f  w a te r  o r  m ercu ry  t e n d s  t o  b e  s p h e r i c a l  when n o t  su b ­
j e c t e d  t o  o u t s id e  f o r c e s  b e c a u s e  a  s p h e r e  r e p r e s e n t s  
th e  g e o m e t r ic a l  c o n f i g u r a t i o n  t h a t  g i v e s  t h e  s m a l l e s t  
a r e a  f o r  a  g iv e n  v o lu m e .
I f  i t  i s  d e s i r e d  t o  expand  th e  s u r f a c e  a r e a  o f  t h e
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l i q u i d ,  work m u st be done a g a i n s t  th e  c o h e s iv e  f o r c e  o f  
th e  l i q u i d .  The p u l l  r e q u ir e d  t o  e x te n d  th e  s u r f a c e  i s  
c a l l e d  s u r f a c e  t e n s i o n  ( o )  and i s  e x p r e s s e d  in  d y n es  
p e r  cm ( S ia u  1 9 7 1 ) .
C a p i l l a r i t y . —  When a  c le a n  g l a s s  tu b e  o f  s m a ll  
r a d iu s  i s  p la c e d  in  a  c o n t a in e r  o f  l i q u i d ,  t h e  l i q u i d  
w i l l  r i s e  a lo n g  t h e  tu b e  w hen t h e  a d h e s iv e  f o r c e  b e tw e e n  
th e  l i q u i d  and t h e  g l a s s  i s  g r e a t e r  th a n  th e  c o h e s iv e  
f o r c e  o f  t h e  l i q u i d  m o le c u le s  1 o t h e r w is e  th e  l i q u i d  
l e v e l  i n s i d e  th e  c a p i l l a r y  w i l l  f a l l  b e lo w  th e  l e v e l  o f  
th e  l i q u i d  in  t h e  c o n t a i n e r .  L iq u id B  t h a t  r i s e  i n  th e  
c a p i l l a r y  tu b e  a r e  s a id  t o  w e t th e  t u b e ,  ( e . g . ,  w a t e r ) 1 
on th e  o t h e r  h a n d , m ercu ry  d o e s  n o t  w e t  t h e  tu b e  and i s  
d e p r e s s e d .  T h is  phenom enon i s  known a s  c a p i l l a r i t y .
C o n s id e r  a  l i q u i d  t h a t  w e ts  a  c a p i l l a r y  t u b e .  The 
l i q u i d  r i s e s  in  th e  tu b e  and h a s  a  c u r v e d  s u r f a c e ,  c o n ­
v e x  on  th e  l i q u i d  s i d e .  The c o h e s io n  b e tw e en  t h e  l i q u i d  
m o le c u le s  and th e  a d h e s io n  b e tw e e n  t h e  l i q u i d  and th e  
tu b e  d e te r m in e  t h e  sh ape o f  th e  m e n isc u s  and t h e  a n g le  
( 0 )  w h ich  t h e  l i q u i d  m akes w ith  th e  tu b e  ( c o n t a c t  a n ­
g l e ) .  The p r e s s u r e  under t h e  m e n isc u s  (c o n v e x  s i d e )  i s  
l e s s  th a n  th e  p r e s s u r e  on  th e  l i q u i d  s u r f a c e  o u t s id e  
th e  tu b e  ( l i q u i d  c o n t a i n e r ) .  The h e i g h t  t h a t  th e  l i q u i d  
w i l l  r i s e  i n  t h e  tu b e  d ep en d s upon t h e  w e ig h t  o f  th e  
l i q u i d  in  th e  tu b e  t h a t  b a la n c e s  th e  p r e s s u r e  d i f f e r -
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e n c e .  The p r e s s u r e  d i f f e r e n c e  i s  known a s  c a p i l l a r y  
p r e s s u r e  and i s  r e l a t e d  t o  t h e  s u r f a c e  t e n s i o n  b y  t h e  
f o l l o w i n g  e q u a t io n s *
w h ere 2 n r , t h e  i n t e r n a l  c ir c u m fe r e n c e  o f  th e  t u b e ,  i s  
t h e  l e n g t h  o f  t h e  i n t e r f a c e  t h e  s u r f a c e  t e n s i o n  i s  a c t ­
in g  o n , o i s  th e  s u r f a c e  t e n s i o n  o r  s p e c i f i c  s u r f a c e  
e n e r g y .
w h ere  m i s  t h e  m ass o f  th e  colum n o f  l i q u i d  i n  th e  t u b e ,  
g  i s  th e  g r a v i t a t i o n a l  p u l l ,  6 i s  t h e  d e n s i t y  o f  th e  
l i q u i d ,  V i s  th e  vo lu m e o f  t h e  l i q u i d  i n  th e  tu b e  and 
h i s  th e  h e ig h t  o f  t h e  colum n o f  l i q u i d .  The upward  
f o r c e  i s  e q u a l  t o  th e  downward fo r c e *
The upward f o r c e  °  2n ro  c o s  © (1 3 )
The downward f o r c e  -  mg “ 6Vg
«  rrr3h 6g ( 1*0
TTrah 6 g  *= 2 n r o  c o s  0
(15)
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S in c e  th e  c a p i l l a r y  r i s e  i s  a l s o  b a la n c e d  by th e  
d i f f e r e n c e  in  p r e s s u r e  a c r o s s  th e  i n t e r f a c e  (P 0 -  P i ) i
(P0 - Pi) nr® = nr3h6g (16)
(P 0 -  P i )  = h 6g
(Po .  Pi) = SP. p . 9. <i7)
w here P0 i s  th e  p r e s s u r e  on th e  l i q u i d  o u t s id e  th e  tu b e  
and P i  i s  th e  p r e s s u r e  u n d er  th e  m en isc u s#  (P 0 -  P i )  i s  
t h e  c a p i l l a r y  p r e s s u r e  (w h ich  s h a l l  be d e s ig n a te d  a s  
Pc from  h e r e  o n ) . In  c a s e s  w here th e  r a d iu s  o f  th e  tu b e  
i s  v e r y  sm a ll  and th e  m e n isc u s  i s  s e m i - s p h e r i c a l ,  9 i s  
e q u a l t o  0 °  and e q u a t io n  (1 ? )  i s  r ed u c ed  t o i
Pc  = V  (1 8 )
C a p i l la r y  p r e s s u r e  th e n  may b e  d e f in e d  a s  th e
p r e s s u r e  drop a c r o s s  th e  c u r v ed  i n t e r f a c e  in  a c a p i l ­
l a r y  t u b e .  As in  o t h e r  p o r o u s  m a t e r i a l s ,  th e  p o re  
s t r u c t u r e  o f  wood d o e s  n o t  ap p roach  th e  c l a s s i c a l  c a p ­
i l l a r y  t u b e .  The hardwood v e s s e l s  w ou ld  be th e  c l o s e s t  
a p p ro x im a tio n  o f  a  tu b e  b u t  e v en  th e  v e s s e l s  have  
h ig h ly  n o n -u n ifo r m  d ia m e te r . In  su ch  a  p o r o u s  m a te r ia l
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t h e  c a p i l l a r y  p r e s s u r e  i s  t h e  d i f f e r e n t i a l  p r e s s u r e  t h a t  
e x i s t s  b e tw e e n  tw o f l u i d  p h a s e s  a t  t h e i r  i n t e r f a c e  when  
t h e y  a r e  d i s t r i b u t e d  u n d er  s t a t i c  e q u i l ib r iu m  (H offm an  
1 9 6 3 ) .  The a r e  r e l a t e d  b y  t h e  f o l l o w i n g  e q u a t io n *
P °  -  ( 1 9 )
w h ere  r i  and r 2 a r e  t h e  p r i n c i p a l  r a d i i  o f  c u r v a tu r e  
a t  an y  p o i n t  a lo n g  t h e  l e n g t h  o f  t h e  c a p i l l a r y  t u b e .  
E q u a t io n  ( 1 9 )  i s  known a s  t h e  G ib b s - K e lv in  e q u a t io n  
(K im b le r  1 9 6 2 ) .
The im p o r ta n c e  o f  c a p i l l a r i t y  in  wood h a s  lo n g  
b e e n  r e c o g n i z e d .  M o is tu r e  m ovem ent i n  wood a b o v e  t h e  
h y g r o s c o p ic  r a n g e  i s  a  c a p i l l a r y  p h en om en on . P i t  a s p i ­
r a t i o n  h a s  b e e n  a s c r i b e d  t o  c a p i l l a r y  p r e s s u r e s  a c t i n g  
o n  a  g a s - w a t e r  i n t e r f a c e  in  t h e  p i t  membrane p o r e  d u r ­
in g  d r y in g  (H a r t  and Thomas 1 9 6 7 ) .  P e tr o le u m  e n g in e e r s  
h a v e  l i k e w i s e  s t u d i e d  t h i s  phenom enon e x t e n s i v e l y  in  
r o c k s  and h a v e  a p p l i e d  t h e  m ech a n ism s a s s o c i a t e d  w it h  
i t  i n  c h a r a c t e r i z i n g  r o c k  p r o p e r t i e s  su c h  a s  c o n n a te  
w a te r  s a t u r a t i o n  (c o m p a r a b le  t o  t h e  f i b e r  s a t u r a t i o n  
p o i n t  i n  w ood) and r e s i d u a l  o i l  s a t u r a t i o n .
H a s s l e r  and B ru n n er  (1 9 ^ 5 )  d e s c r ib e d  t h e  m eth od s  
u s e d  in  d e t e r m in in g  c a p i l l a r y  p r e s s u r e s  i n  r o c k  s a m p le s .  
One c o n s i s t s  o f  a l l o w in g  a  co lu m n  o f  sa n d  s a t u r a t e d  w it h
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a  l i q u i d  t o  come t o  e q u i l ib r iu m  b y  th e  f o r c e  o f  g r a v i t y .  
The colum n i s  th e n  c u t  in t o  s e c t i o n s  and t h e  s a t u r a t i o n  
i s  d e te r m in e d  o f  e a ch  s e c t io n *  The p r e s s u r e  g r a d ie n t  
in  th e  l i q u i d  i s  d e te r m in e d  by t h e  d e n s i t y  o f  th e  l i q ­
u id  and th e  a c c e l e r a t i o n  o f  g r a v i t y .  I t  i s ,  h o w ev er , 
n e c e s s a r y  t o  Know th e  l o c a t i o n  o f  th e  l e v e l  o f  th e  
l i q u i d  s u r f a c e  t o  d e te r m in e  w here c a p i l l a r y  p r e s s u r e  i s  
z e r o .  T h is  m ethod i s  s lo w  f o r  u s e  w ith  r o c k  s a m p le s ,  
an d  lo n g  co lu m n s a r e  n e e d e d . H a s s le r  and B run ner (1 9 ^ 5 )  
r e a l i z e d  t h a t  a  c e n t r i f u g e  o f f e r s  a  s im p le  way o f  mag­
n i f y i n g  th e  f o r c e  on t h e  g a s - l i q u i d  i n t e r f a c e  in  a  
s a n d s to n e  c o r e  many t im e s  t h a t  o f  th e  p u l l  o f  g r a v i t y ,  
s o  t h e y  i n v e s t i g a t e d  i t s  a p p l i c a b i l i t y  i n  s t u d y in g  c a p ­
i l l a r y  p r e s s u r e s  in  r o c k s .  T hey o u t l i n e d  t h e  t h e o r y  
f o r  i t s  u se  and th e  m anner b y  w h ich  c a p i l l a r y  p r e s s u r e s  
c a n  be c a l c u l a t e d .
S lo b o d  e t  a l  (1 9 5 1 )  s i m p l i f i e d  th e  p r e s e n t a t io n  
o f  t h e  c a l c u l a t i o n  o f  c a p i l l a r y  p r e s s u r e .  A lo n g  u n i ­
form  c o r e ,  a t  some s a t u r a t i o n  h ig h e r  th a n  c o n n a te  w a te r  
s a t u r a t i o n ,  i s  a l lo w e d  t o  s ta n d  u n t i l  c a p i l l a r y  p r e s ­
s u r e  b e tw e en  t h e  p h a s e s  com es to  e q u i l ib r iu m . The p r e s ­
s u r e  d i f f e r e n c e  b e tw e en  t h e  p h a s e s  i s i
Pc  = ( » !  -  » , )  gh ( 20)
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w h ere  &x-&a i s  t h e  d i f f e r e n c e  in  d e n s i t y  o f  th e  tw o  
f l u i d s  p r e s e n t  in  th e  c o r e ,  and h i s  t h e  h e i g h t  a b o v e  
th e  w a t e r  l e v e l  w h ere  c a p i l l a r y  p r e s s u r e  i s  e q u a l  t o  
z e r o .  The a c c e l e r a t i o n  o f  a  c e n t r i f u g e  h ea d  i s t
a  = v a/ r Q ( 2 1 )
w h ere  v  i s  th e  v e l o c i t y  and r Q i s  t h e  r a d iu s  o f  r o t a ­
t i o n .  I f  n I s  t h e  r e v o l u t i o n s  o f  th e  c e n t r i f u g e  h ea d  
p e r  m in u t e , th e n
V =  S g g n  ( 2 8 ,
a  =  • ( 2 3 )
T hen i f t  g* = a / g  t
g* = 0 .0 0 0 0 1 1 1  n ar 0 ( 2k )
By c o m b in in g  e q u a t io n s  ( 2 1 )  and (2**-) and c o n v e r t i n g  t h e  
u n i t s  fro m  g /c m a t o  p s i  b y  m u l t i p l y i n g  b y  0 .0 l* f 2 2 i
Pc  = 1 .5 7 8  x  10~? ( b x - 6 a ) n s r Qh ( 2 5 )
w h ic h  g i v e s  t h e  c a p i l l a r y  p r e s s u r e  a t  a  p o i n t  h a lo n g
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th e  l e n g t h  o f  th e  sp e c im e n  f o r  a  g iv e n  r a d iu s  o f  r o t a ­
t i o n  r Qf and n i s  t h e  number o f  r e v o l u t i o n s  p e r  m in u te .
REVIEW OP LITERATURE
L iq u id  P e r m e a b i l i t y  M easurem ents
The e a r l y  a p p l i c a t i o n  o f  D a r c y 's  Law w as in  d ou b t  
in  th e  d e te r m in a t io n  o f  th e  p e r m e a b i l i t y  o f  wood t o  
l i q u i d s ,  s i n c e  a l l  th e  c o n d i t i o n s  u n d er  w h ich  i t  c a n  be  
a p p l ie d  c o u ld  n o t  b e  s a t i s f i e d .  E a r ly  i n v e s t i g a t o r s  
(S u th e r la n d  e t  a l  193^» E r ic k s o n  e t  a l  1937  and 1 9 3 8 )  
o b s e r v e d  a  d e c r e a s in g  f lo w  r a t e  o f  w a te r  w ith  t im e ,  
w h ic h  seem s t o  r e f u t e  th e  c o n d i t i o n  t h a t  t h e  f lo w  r a t e  
s h o u ld  b e  in d e p e n d e n t  o f  t im e  and s h o u ld  be a f f e c t e d  
o n ly  l i n e a r l y  b y  t h e  p r e s s u r e  g r a d i e n t .  In  a  l a t e r  work  
E r ic k s o n  and E s te p  ( 1 9 6 2 ) f a i l e d  t o  o b t a in  a  c o n s t a n t  
f lo w  r a t e  in  a l l  t h e i r  m easu rem en ts on th e  p e r m e a b i l i t y  
o f  D o u g la s - f i r  [ P s e u d o ts u g a  m e n z i e s i i  (M ir b .)  F r a n c o ]  
h e a r tw o o d j l a t e r  t h e y  w ere  a b le  t o  o b s e r v e  I t  b u t  o n ly  
f o r  s h o r t  p e r io d s  o f  t im e .  C o n s ta n t  f lo w  r a t e s  w ere  
o b ta in e d  o n ly  from  f r e s h l y  c u t  wood u s in g  d i s t i l l e d  and 
f i l t e r e d  w a te r .  T hey a s c r ib e d  th e  d e c r e a s in g  f lo w  r a t e  
t o  th e  u s e  o f  e s p e c i a l l y  h ig h  p r e s s u r e s  (up t o  80 p s i )  
and t o  th e  d e p o s i t i o n  o f  d e b r i s  in  t h e  p o r e  c h a n n e l s .
O th er  r e a s o n s  w ere p r o p o s e d  t o  a c c o u n t  f o r  t h e  
d e c r e a s in g  f lo w  r a t e  o f  w a te r  in  w ood . A s p ir a t io n  o f  
p i t s  was th e  m ost com m only a c c e p t e d  t h e o r y .  I t  was p la u -
2 2
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s i b l e  a t  t h a t  t im e  s i n c e  m o st s t u d i e s  w ere c o n d u c te d  
w ith  s o f t w o o d s .  L in  e t  a l  (1 9 7 3 )  s u g g e s t e d  t h a t  p i t  
a s p i r a t i o n  o f  t h i s  n a tu r e  i s  t im e -d e p e n d e n t  and t h a t  i t  
1b c a u s e d  by h y d r o s t a t i c  p r e s s u r e .  U nder su ch  p r e s s u r e  
th e  p i t  membrane i s  p u sh ed  t o  th e  dow nstream  s i d e ,  
c a u s in g  a  s h o r t - c i r c u i t i n g  o f  th e  f lo w  and in d u c in g  
n o n - la m in a r  and t u r b u le n t  f lo w ,  th e r e b y  r e d u c in g  th e  
r a t e  o f  f l o w .  T h is  t h e o r y ,  h o w ev er , c o u ld  n o t  e x p la in  
t h e  d e c r e a s e d  f lo w  o f  w a te r  and w a te r -b o r n e  p r e s e r v a ­
t i v e s  t h a t  N a rayan am u rti and h i s  c o -w o r k e r s  (1 9 5 1 )  ob­
s e r v e d  when t h e y  s t u d ie d  t h e  p e r m e a b i l i t y  o f  f r e s h l y  
c u t  I n d ia n  h a rd w o o d s. O th er  f a c t o r s ,  t h e r e f o r e ,  w ou ld  
seem  t o  b e  r e s p o n s ib l e  f o r  th e  r e d u c t io n  o f  f lo w  r a t e  
o f  l i q u i d s  in  p o r o u s  m a t e r i a l s .  M ehner ( 1 9 3 7 ) f i r s t  
a t t r i b u t e d  t h e  d e c r e a s in g  f lo w  r a t e s  t o  p r e s e n c e  o f  a i r  
in  th e  p e r m e a t in g  f l u i d .  He t h e o r iz e d  t h a t  th e  p r e s s u r e  
g r a d ie n t  a c r o s s  t h e  sa m p le  f i l t e r s  o u t  t h e  a i r  in  th e  
v e r y  s m a l l  p o r e s  o f  t h e  m a t e r i a l ,  r e s u l t i n g  i n  t h e  f o r ­
m a tio n  o f  b u b b le s  t h a t  o c c lu d e  p o r t io n s  o f  th e  c o n n e c t ­
in g  p a th w a y . T h is  f i l t e r  e f f e c t  w o u ld , t h e r e f o r e ,  b e  
p r e s s u r e - d e p e n d e n t .  E r ic k s o n  and E s te p  ( I 9 6 2 ) o b s e r v e d  
an in c r e a s e d  f lo w  r a t e  i n  u n e v a c u a te d  m a t e r i a l s  a f t e r  
an in t e r m e d ia te  f lo w  a t  80 p s i  in  t h e  h ea r tw o o d  o f  
D o u g l a s - f i r ,  i n d i c a t i n g  t h a t  a i r  may h a v e  b e e n  f lu s h e d  
o u t .  S in c e  th e y  w ere  u s in g  n o n -d e a e r a te d  w a te r  and
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s i n c e  t h e y  d id  n o t  o b s e r v e  t h i s  phenom enon in  a l l  t h e i r  
m ea su rem en ts*  t h e  e f f e c t  and im p o r ta n c e  o f  t r a p p e d  a i r  
i n  o b t a i n in g  a  c o n s t a n t  f lo w  w as d i s c o u n t e d .
The f i r s t  c o m p r e h e n s iv e  s t u d y  t o  show  d e f i n i t e l y  
t h a t  a i r  b lo c k a g e  i n  t h e  s y s te m  c a u s e s  r e d u c t i o n  in  
l i q u i d  f lo w  w as t h a t  b y  K e ls o  e t  a l  ( 1 9 6 3 )* W orking  
w it h  p r e v i o u s l y  a i r - d r i e d  S i t k a  s p r u c e  f P ic e a  s i t c h e n s i s  
( B o n g .)  C a r r . ]  and w i t h  a  t e c h n iq u e  f o r  r e m o v in g  t h e  
d i s s o l v e d  g a s  in  th e  w a t e r ,  t h e y  w ere  a b le  t o  o b t a in  
c o n s t a n t  f l o w  f o r  e x te n d e d  p e r io d s  o f  t im e  and o v e r  a  
w id e  r a n g e  o f  p r e s s u r e  g r a d i e n t s .  The t e c h n iq u e  in v o lv e d  
t h e  u s e  o f  f r e s h l y  d i s t i l l e d  w a te r  s u b j e c t e d  t o  m echan­
i c a l  sh o c k  u n d er  vacu u m . A co lu m n  o f  w a te r  u n d e r  vacuum  
w as ta p p e d  p e r i o d i c a l l y  w it h  a  m e ta l  hammer t o  e v o lv e  
a i r  n u c l e i  from  t h e  w a t e r .  The w a te r  w as p a s s e d  th r o u g h  
a  M i l l i p o r e  f i l t e r  b e f o r e  i t  e n t e r e d  t h e  s p e c im e n . The 
f i l t r a t i o n  a l s o  s e r v e d  t o  rem ove p a r t i c u l a t e  m a t t e r  from  
t h e  l i q u i d  w h ic h  c o u ld  b lo c k  f lo w  c h a n n e ls  i n  t h e  w ood . 
T h ey  c o n c lu d e d  t h a t  D a r c y * s  Law, w h ic h  w as o r i g i n a l l y  
d e v e lo p e d  t o  d e s c r i b e  t h e  f lo w  d f  l iq u id B  th r o u g h  i n e r t  
m a t e r i a l s ,  c o u ld  a l s o  b e  a p p l i e d  t o  w ood , w i t h  w a te r  a s  
t h e  p e r m e a t in g  f l u i d .
U s in g  t h e  t e c h n iq u e  d e v e lo p e d  b y  K e ls o  and h i s  
a s s o c i a t e s ,  S u c o f f  e t  a l  (1 9 6 5 )  d e m o n s tr a te d  t h a t  t h e  
f l o w  o f  w a t e r  th r o u g h  t h e  u n s e a s o n e d  sapw ood  o f  N o r th e r n
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w h it e - c e d a r  ( T huya o c c i d e n t a l i s  L .)  o b e y e d  D a r c y 's  Law. 
T h ey a l s o  fo u n d  t h a t  D a r c y 's  e q u a t io n  i s  s a t i s f i e d  w it h  
r e s p e c t  t o  s p e c im e n  l e n g t h  an d  p r e s s u r e  d r o p  s o  l o n g  a s  
f l o w  v e l o c i t y  i s  l o w .  H o w ev er , p e r m e a b i l i t y  w as show n  
t o  b e  a  q u a d r a t ic  r a t h e r  th a n  l i n e a r  f u n c t i o n  o f  p r e s ­
s u r e  g r a d i e n t  when t h e  f lo w  v e l o c i t y  i s  l a r g e .  The 
d i s p r o p o r t i o n s ! i t y  b e tw e e n  r a t e  o f  f lo w  an d  p r e s s u r e  
g r a d i e n t  w as a t t r i b u t e d  t o  t u r b u le n c e  and  n o n - la m in a r  
f l o w .  Chen and  H o s s f e ld  (196b-) a l s o  show ed  t h a t  D a r c y 's  
Law i s  v a l i d  w it h  r e s p e c t  t o  v i s c o s i t y  o f  t h e  f l u i d .  
U s in g  v a r io u s  c o n c e n t r a t i o n s  o f  aqu eou s g l y c e r i n e  s o l u ­
t i o n s  t h e y  m ea su red  t h e  p e r m e a b i l i t y  o f  S i t k a  s p r u c e  
and fo u n d  t h a t  t h e  p r o d u c t  o f  f lo w  r a t e  a n d  v i s c o s i t y  
w as c o n s t a n t  f o r  a  g i v e n  p r e s s u r e  d ro p .
O th er  i n v e s t i g a t o r s  h a v e  l ik e w is e  o b t a in e d  c o n ­
s t a n t  r a t e  o f  f lo w  w it h  t i m e ,  u s in g  th e  t e c h n iq u e  o f  
K e ls o  and h i s  c o - w o r k e r s .  C om stock  ( I 9 6 5 ) w a s s u c c e s s ­
f u l  in  o b t a i n in g  c o n s t a n t  f l o w  r a t e  in  t h e  sapw ood o f  
g r e e n  E a s t e r n  h em lo ck  f T su g a  c a n a d e n s is  ( L . )  C a r r . ] .
He a l s o  o b t a in e d  a  d i r e c t  p r o p o r t i o n a l i t y  o f  f lo w  r a t e  
and p r e s s u r e .  I n  t h e  h e a r tw o o d  sp e c im e n s  h e  w as a b le  t o  
o b s e r v e  c o n s t a n t  r a t e  o f  f l o w  w it h  tim e  a f t e r  an  i n i ­
t i a l  i n c r e a s e  in  p r e s s u r e  w i t h  t im e .  C hoong and K im b le r  
( 1 9 7 1 ) ,  in  d e s c r i b i n g  a  t e c h n iq u e  f o r  m e a s u r in g  w a te r  
f lo w  in  w ood s o f  lo w  p e r m e a b i l i t y ,  alBO o b t a in e d  c o n -
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s t a n t  f l o w  r a t e  w i t h  t im e  and d i r e c t  p r o p o r t i o n a l i t y  
w it h  p r e s s u r e .
G as P e r m e a b i l i t y  an d  R e l a t i o n s h i p  t o  L iq u id  P e r m e a b i l i t y
The b u lk  o f  r e s e a r c h  on  t h e  p e r m e a b i l i t y  o f  wood  
h a s  b e e n  d on e w i t h  g a s  a s  t h e  p e r m e a t in g  f l u i d .  T h is  
may b e  s o  b e c a u s e  t h e  t e c h n iq u e  in v o lv e d  i n  i t s  m e a su r e ­
m ent i s  much s im p le r  th a n  w i t h  l i q u i d .  S am p le  p r e p a r a ­
t i o n  i s  a l s o  e a s i e r .
E a r ly  m ea su r em e n ts  o f  g a s  p e r m e a b i l i t y  w e re  don e  
w it h  n e g a t i v e  p r e s s u r e .  P r e s s u r e  d rop  a c r o s s  t h e  s p e c i ­
men w as e s t a b l i s h e d  b y  d r a w in g  vacuum  on  on e  s i d e  o f  
t h e  s p e c im e n  w it h  t h e  o t h e r  s i d e  a t  a tm o s p h e r ic  p r e s ­
s u r e .  F low  w as m ea su red  b y  v o lu m e d i s p la c e m e n t .  A g r a d ­
u a te d  c y l i n d e r  i n  a  c o n t a i n e r  o f  w a te r  w as a t t a c h e d  t o  
t h e  u p s tr e a m  s i d e  o f  t h e  sp e c im e n  and t h e  vo lu m e o f  
w a te r  t h a t  r o s e  th r o u g h  t h e  c y l i n d e r  w as ta k e n  a s  v o l ­
ume o f  g a s  f l o w .  S ia u  ( 1 9 6 9 ) p o i n t e d  o u t  t h a t  e r r o r s  
c o u ld  r e s u l t  u n l e s s  o n e  c o n s id e r e d  t h e  e x p a n s io n  o f  t h e  
g a s  in  t h e  sy s tem *  v i s c o s i t y  o f  t h e  w a te r  and t h e  v o l ­
ume o f  g a s  d i s p l a c e d  b y  m e r c u r y . He d e v e lo p e d  an  e q u a ­
t i o n  f o r  m ak in g  t h e  n e c e s s a r y  c o r r e c t i o n s .  More r e c e n t  
t e c h n iq u e s  make u s e  o f  p o s i t i v e  p r e s s u r e  from  c o m p r e ss e d  
a i r  o r  g a s  in  a  c y l i n d e r ,  and  f lo w  i s  m ea su r ed  b y  f l o w -  
r a t o r s  c a l i b r a t e d  t o  t h e  p a r t i c u l a r  g a s  u s e d .
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As p o in t e d  o u t  p r e v io u s ly *  a  phenom enon t h a t  u s u ­
a l l y  a c c o m p a n ie s  g a s  f lo w  in  m in u te  c a p i l l a r i e s  i s  th e  
s l i p - f l o w  e f f e c t  w h ich  h a s  b e e n  a d e q u a te ly  d e s c r ib e d  
b y  K lin k e n b e r g  (19*1-1) and t h e  c o r r e c t i o n  f o r  w h ich  e q u a ­
t i o n s  h a v e  b e e n  d e v e lo p e d  (Adzum i 1937* K lin k e n b e r g  
19 * H ). I m p l i c i t  in  e q u a t io n  (1 2 )  i s  t h e  f a c t  t h a t  th e  
t r u e  p e r m e a b i l i t y  o f  a  m a t e r ia l  c a n  b e  o b t a in e d  from  
g a s  p e r m e a b i l i t y  m easu rem en ts b y  t a k in g  in t o  a c c o u n t  
th e  s l i p - f l o w  e f f e c t .  T h is  i s  done b y  p l o t t i n g  th e  g a s  
p e r m e a b i l i t y  a g a in s t  th e  r e c i p r o c a l  o f  mean p r e s s u r e  
and e x t r a p o l a t i n g  th e  v a lu e  t o  i n f i n i t e  p r e s s u r e .  S m ith  
and L ee (1 9 5 8 )  m easured  t h e  p e r m e a b i l i t y  o f  wood w ith  
n i t r o g e n  and l i q u i d  t o l u e n e .  The v a l u e s  f o r  t h e  two 
f l u i d s  w ere  n e a r ly  i d e n t i c a l  f o r  t h e  hardw ood sp e c im e n s  
b u t  d i f f e r e d  in  th e  tw o c o n i f e r o u s  w oods u s e d .  The 
b e e c h  ( F agu s g r a n d i f o l i a  E h r h .)  c o n t a in e d  l a r g e  v e s s e l s  
and a s  e x p e c te d  from  e q u a t io n s  ( 9 ) and ( 1 0 ) t h e  s l i p -  
f lo w  e f f e c t  w as s m a l l .  A lth o u g h  t h e y  a t t r i b u t e d  th e  
d i f f e r e n c e  in  t h e  s o f tw o o d  v a lu e s  t o  s l i p - f l o w  e f f e c t ,  
t h e y  d id  n o t  v e r i f y  t h e i r  c o n t e n t io n  e x p e r im e n t a l ly .
C om stock  ( 1 9 6 7 ) c o n d u c te d  s t u d i e s  t o  v e r i f y  
w h eth er  b y  e x t r a p o l a t i o n  o f  g a s  p e r m e a b i l i t y  t o  i n f i ­
n i t e  p r e s s u r e  th e  p e r m e a b i l i t y  w ou ld  in d e e d  g i v e  a  
v a lu e  e q u a l  t o  t h e  l i q u i d  p e r m e a b i l i t y  o f  t h e  m a t e r i a l .  
U sin g  h e liu m  and n i t r o g e n  and two n o n - s w e l l i n g  l i q u i d s .
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i s o - o c t a n e  and am yl a l c o h o l ,  he m easured th e  p e r m e a b il­
i t y  o f  a  number o f  e a s t e r n  h em lock  sapwood and h e a r t -  
w ood. He o b se r v e d  v e r y  good  agreem en t o f  v a lu e s  o f  th e  
g a s  and l i q u i d  p e r m e a b i l i t y  a f t e r  c o r r e c t in g  f o r  s l i p -  
f lo w  e f f e c t s .  By p l o t t i n g  t h e  lo g a r ith m  o f  t h e  a v e ra g e  
g a s  p e r m e a b i l i t y  a g a in s t  th e  lo g a r ith m  o f  l i q u i d  perm e­
a b i l i t y ,  C om stock ( 1 9 6 7 ) o b ta in e d  v e r y  good  c o r r e l a ­
t i o n  b e tw e en  t h e s e  two v a r i a b l e s .  He c o n c lu d e d  th a t  
p e r m e a b i l i t y  i s  a  f u n c t io n  o f  th e  p o r o u s  s t r u c t u r e  o f  
t h e  wood and i s  n o t  d ep en d en t upon th e  f l u i d  u sed  i f  
s l i p - f l o w  i s  c o r r e c t e d  and a i r  b lo c k a g e  i s  m in im iz e d .
H is  w ork f u r t h e r  su p p o r te d  th e  c o n t e n t io n  t h a t  s l i p -  
f lo w  e f f e c t  on g a s  p e r m e a b i l i t y  i s  l a r g e  when th e  p e r ­
m e a b i l i t y  i s  lo w  and when t h e  mean f r e e  p a th  i s  l a r g e .
P e r m e a b i l i t y  and Wood S tr u c tu r e
P a th s  o f  f l o w . —  The p a th  t h a t  i s  f o l lo w e d  b y  a  
p e r m e a tin g  f l u i d  i n  hardw oods i s  p r im a r i ly  th ro u g h  th e  
v e s s e l s  u n le s s  t h e s e  a re  o c c lu d e d  b y  t y l o s e s  o r  d e p o s ­
i t s .  T h is  i s  so  s i n c e  th e y  g e n e r a l ly  o f f e r  th e  b i g g e s t  
p o r e  o p e n in g s .  Wardrop and D a v ie s  ( 1 9 6 1 ) o b s e r v e d  th e  
p a th s  fo l lo w e d  b y  a  w a te r -b o r n e  s a l t  in  p e r m e a tin g  
th ro u g h  E u c a ly p tu s  reg n a n s  sap w ood . The f lo w  w as p r i ­
m a r i ly  th r o u g h  t h e  open v e s s e l s ,  th e n  t o  r a y  c e l l s ,  v e r ­
t i c a l  parenchym a and f i b e r s .  F low  t o  th e  f i b e r s  was
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th ro u g h  p i t  p a i r s .  S im i la r  r e s u l t s  w ere  o b ta in e d  by  
B ehr e t  a l  ( 1 9 6 9 ) .  In  b e e ch  h e a r tw o o d , w h ich  w as t r e a t e d  
w ith  an o i l y  p r e s e r v a t i v e ,  t h e y  fo u n d  t h a t  t h o s e  v e s s e l s  
su rro u n d ed  b y  f i b e r s  w ere  t h e  o n e s  f i l l e d  w ith  th e  p r e ­
s e r v a t i v e .  P re su m a b ly  th e  p r e s e r v a t i v e  f lo w e d  from  th e  
v e s s e l s  i n t o  th e  f i b e r s  th r o u g h  p i t  p a i r s .  T hey ob ­
s e r v e d  v e r y  l i t t l e  p e n e t r a t i o n  in  th e  r a y s  o f  b e e c h ,  
r e d  oak ( Q u ercu s r u b r a  L . ) ,  and h ic k o r y  f C arya  o v a ta  
( M i l l )  K. K och ] a lth o u g h  th e  narrow  r a y s  f r e q u e n t l y  
c o n ta in e d  o i l .  S ia u  (1 9 7 1 )  c o n s t r u c t e d  a  g e n e r a l i z e d  
f lo w  m odel f o r  hardw oods b a s e d  on th e  o b s e r v a t io n s  o f  
Wardrop and D a v ie s  ( I 9 6 I )  and Behr e t  a l  ( 1 9 6 9 ) .
S o ftw o o d  i s  much s im p le r  th a n  hardw ood i n  g r o s s  
a n a to m ic a l s t r u c t u r e ,  in  t h a t  i t  i s  com posed  m a in ly  o f  
t r a c h e id s  and p aren ch ym a. I n i t i a l  p e n e t r a t io n  o f  f l u i d  
in  th e  l o n g i t u d i n a l  d i r e c t i o n  m ust n e c e s s a r i l y  o c c u r  
th ro u g h  t h e  c u t  e n d s  o f  t r a c h e i d s .  In  s p i t e  o f  t h i s ,  
c o n t r a d ic t o r y  r e s u l t s  on t h e  m ovem ent o f  f l u i d s  th r o u g h  
so f tw o o d s  h a v e  b e e n  r e p o r t e d .  Stamm (1 9 6 3 )  c o n c lu d e d  
t h a t  th e  r a t e  o f  f lo w  o f  f l u i d s  th r o u g h  s o f tw o o d s  i s  
p r im a r i ly  c o n t r o l l e d  b y  th e  f i n e  in te r c o m m u n ic a t in g  
o p e n in g s  i n  t h e  p i t  m em branes. I n  an e a r l i e r  w ork Stamm 
( 19^6 ) d e m o n s tr a te d  from  p h y s i c a l  m ea su rem en ts o f  t h e  
v a r io u s  wood s t r u c t u r e s  in v o lv e d  in  f l u i d  f lo w  t h a t  su ch  
m ovem ents a r e  e n t i r e l y  c o n t r o l l e d  by t h e  p i t  membrane
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p o r e s .
The e a r l i e s t  c o m p r e h e n s iv e  s tu d y  t h a t  d e m o n str a te d  
th e  im p o r ta n c e  o f  p i t  membrane p o r e s  in  th e  c o n d u c t io n  
o f  f l u i d s  b e tw e en  wood e le m e n ts  in  th e  s o f tw o o d  was done  
b y  B a i l e y  (1 9 1 3 )*  A t t h a t  t im e  th e  movem ent o f  g a s e s  
and l i q u i d s  in  wood was th o u g h t  t o  b e  th r o u g h  s l i t s  
form ed i n  th e  c e l l  w a l l  d u r in g  d r y in g ,  b u t  B a i l e y  was 
a b le  to  p a s s  f i n e  p a r t i c l e s  o f  c a r b o n  s u s p e n s io n  from  
o n e  t r a c h e id  to  a n o th e r  in  g r e e n  n e v e r - d r ie d  w h ite  p in e  
( P in u s  s t r o b u s  L . )  sap w ood . He s u g g e s t e d  t h a t  th e  b o r ­
d e r ed  p i t  membranes o f  t r a c h e i d s  a r e  n o t  e n t i r e  b u t  
p o s s e s s  m in u te  p e r f o r a t i o n s .  H is  c o n c lu s io n  h a s  b e e n  
c o n fir m e d  r e p e a t e d ly  b y  p h o to m ic r o g r a p h s  o f  t h e  b o r ­
d e r ed  p i t  and th r o u g h  f lo w  m e a su r e m e n ts . C o te  and  
Krahmer ( 1 9 6 2 ) c o n d u c te d  a  s i m i l a r  s t u d y  o f  p a s s in g  
ca rb o n  b la c lc  p a r t i c l e s  th r o u g h  w ood . U s in g  e l e c t r o n  
m ic r o s c o p y , t h e y  fo u n d  t h a t  th e  p a th  o f  f lo w  i s  e s s e n ­
t i a l l y  th r o u g h  th e  p i t s ,  and t h e y  d e m o n s tr a te d  t h a t  th e  
b o r d e r e d  p i t  membrane i s  in d e e d  p o r o u s .
I n v e s t i g a t i n g  th e  f lo w  p a t h s  o f  l i q u i d  in  P in u s  
s y l v e s t r i s , Buro and Buro (1 9 5 9 a )  fo u n d  t h a t  l i q u i d  
movem ent in  th e  l o n g i t u d i n a l  d i r e c t i o n  from  t r a c h e id  
t o  t r a c h e id  was th r o u g h  t h e  b o r d e r e d  p i t s .  R e s in  d u c t s  
a l s o  c o n t r ib u t e d  t o  f l o w .  R a d ia l  m ovem ent w as th r o u g h  
th e  r a y  t r a c h e i d s  b u t  n o t  th r o u g h  t h e  r a y  p aren ch ym a.
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E a r l i e r  work b y  S ch u ltz©  and T heden (1 9 ^ 2 )  a l s o  showed  
t h a t  t r a n s v e r s e  p e n e t r a t i o n  o f  l i q u i d  in  t h e  so f tw o o d  
w as p r im a r i ly  a lo n g  t h e  r a y s .  T e e s d a le  (191*0*  h o w ev er , 
d id  n o t  f i n d  l a t e r a l  m ovem ent u n l e s s  t h e  s u r r o u n d in g  
t i s s u e s  w ere a l s o  h e a v i l y  p e n e t r a t e d  b y  t h e  l i q u i d .
B o rd ered  p i t s  o f  s o f t w o o d s . —  The b o r d e r e d  p i t  
membrane i s  som ew hat f l e x i b l e  and i t  c a n  b e  p u sh ed  t o  
one s i d e  w h ereb y  th e  t o r u s  c a n  e f f e c t i v e l y  s e a l  th e  
a p e r tu r e  a g a i n s t  th e  p a s s a g e  o f  f l u i d s .  T h is  c o n d i t io n  
o f  th e  t o r u s  i s  known a s  p i t  a s p i r a t i o n .  E v er  s i n c e  
B a i l e y  (1 9 1 3 )  p o in t e d  o u t  t h e  im p o r ta n c e  o f  th e  b o r ­
d e r e d  p i t  a s  an aven u e  o f  f lo w  in  t h e  s o f t w o o d s ,  in n u ­
m era b le  s t u d i e s  h a v e  b e e n  c o n d u c te d  t o  d e te r m in e  th e  
e f f e c t s  o f  p i t  a s p i r a t i o n  on  f lo w ,  and t o  f i n d  how to  
p r e v e n t  a s p i r a t i o n .
I n v e s t i g a t i n g  th e  r o l e  o f  p i t  a s p i r a t i o n  i n  th e  
d i f f e r e n c e  b e tw e e n  th e  t r e a t a b i l i t y  o f  c o a s t a l  and  
i n t e r i o r  ty p e  D o u g l a s - f i r ,  G r i f f i n  (1 9 1 9 )  exam in ed  th e  
b o r d e r e d  p i t s  o f  b o th  sapw ood and h ea r tw o o d  and a l s o  
t h e  sp r in g w o o d  and summerwood o f  t h i s  s p e c i e s .  She 
fo u n d  t h a t  th e  b o r d e r e d  p i t s  o f  b o th  sapw ood and h e a r t -  
wood o f  t h e  i n t e r i o r  ty p e  w ere  a lr e a d y  a s p i r a t e d  e v e n  
i n  th e  g r e e n  c o n d i t i o n .  In  th e  c o a s t a l  t y p e ,  a s p i r a t i o n  
w as n o te d  in  t h e  sp r in g w o o d  o f  a i r - d r i e d  m a t e r i a l s .  She  
fo u n d  t h e  c r e o s o t e  p e n e t r a t i o n  t o  be i n v e r s e l y  c o r r e ­
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l a t e d  w ith  p i t  a s p i r a t i o n .
P h i l l i p s  (1 9 3 3 )»  in  h i s  i n v e s t i g a t i o n s  on th e  
movement o f  p i t  membranes in  c o n i f e r o u s  w ood s, fou n d  
t h a t  p i t  c lo s u r e  o c c u r r e d  g r a d u a l ly  w ith  m o is tu r e  l o s s  
down t o  th e  f i b e r  s a t u r a t io n  p o i n t .  He o b se r v e d  t h a t  a t  
f i b e r  s a t u r a t io n  n e a r ly  a l l  t h e  sp rin gw ood  p i t s  w ere  
a s p ir a t e d  w h ile  th e  summerwood s t i l l  had n o t  become 
a s p i r a t e d .  He t h e o r iz e d  t h a t  t h e  a ir - w a t e r  i n t e r f a c e  
e x e r t s  c a p i l l a r y  f o r c e s  t h a t  d i s p la c e  th e  p i t  membrane 
a s  i t  r e c e d e s  th r o u g h  th e  p i t  o p e n in g s .  S in c e  th e  
sp rin gw ood  p i t  membrane i s  l e s s  r i g i d ,  i t  becom es a s p i ­
r a te d  w h ile  th e  summerwood p i t  membranes can  r e s i s t  
a s p i r a t i o n .  L ie s e  and Bauch ( 1 96?)  l e n t  a d d i t io n a l  
su p p o r t  to  th e  t h e o r y  o f  P h i l l i p s .  They d e m o n stra te d  
t h a t  th e  s u r fa c e  t e n s io n  f o r c e  o f  th e  a ir - w a t e r  i n t e r ­
f a c e  c a u s e s  p i t  a s p i r a t i o n .  U s in g  v a r io u s  c o n c e n tr a ­
t i o n s  o f  aq u eou s s o l u t i o n s  o f  e t h y l  a l c o h o l ,  th e y  
c o n c lu d e d  t h a t  a  l i q u i d  s u r f a c e  t e n s io n  o f  26 d y n es/cm  
i s  r e q u ir e d  t o  a s p ir a t e  th e  p i t  o f  th e  sp r in g w o o d .
T hey a l s o  o b se r v e d  t h a t  p i t  a s p i r a t i o n  d o e s  n o t  o c c u r  
when t h e  w a te r  in  th e  wood i s  r e p la c e d  b y  a lc o h o l  p r io r  
t o  d r y in g .  T h is  w as a t t r ib u t e d  t o  th e  lo w e r  s u r fa c e  
t e n s i o n  o f  a l c o h o l .
A s p ir a t io n  o f  p i t s  i s  a l s o  a f f e c t e d  by s e a s o n in g  
m ethods and by tr e a tm e n t  w ith  v a r io u s  l i q u i d s  h a v in g
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lo w e r  s u r f a c e  t e n s i o n  th a n  w a t e r .  E r ic k s o n  and C raw ford  
( 1 9 5 9 ) .  B ra m h a ll ( 1 9 6 7 ) and B ra m h a ll and W ilso n  (1 9 7 1 )  
s t u d ie d  t h e  e f f e c t s  o f  d r y in g  on  th e  p e r m e a b i l i t y  o f  
D o u g l a s - f i r .  E r ic k s o n  and C raw ford  (1 9 5 9 )  fo u n d  t h a t  
d r y in g  r e d u c e d  p e r m e a b i l i t y ,  b u t  t h e y  o b ta in e d  p erm e­
a b i l i t y  v a lu e s  co m p a ra b le  t o  g r e e n  wood when th e  w a te r  
in  th e  sp e c im e n s  w as f i r s t  r e p la c e d  b y  s o l v e n t s  o f  lo w  
s u r f a c e  t e n s i o n  p r i o r  t o  d r y in g .  B ram h a ll ( 1 9 6 7 ) and  
B ram h all and W ilso n  (1 9 7 1 )  o b t a in e d  s i m i l a r  r e s u l t s .  
B ram h all ( 1 9 6 7 ) fo u n d  t h a t  t h e  p e r m e a b i l i t y  o f  a i r -  
d ried . sp r in g w o o d  w as u s u a l l y  l e s s  th a n  th e  summerwood 
b u t  lo w  s u r f a c e  t e n s i o n  m eth od s o f  d r y in g  en h a n ced  th e  
p e r m e a b i l i t y  b y  8 t o  30  t im e s  t h a t  o f  th e  a i r - d r i e d  
s p e c im e n s . In  a  l a t e r  w ork , B ra m h a ll and W ilso n  (1 9 7 1 )  
r e p o r te d  t h a t  f r e e z e  d r y in g  and a lc o h o l - b e n z e n e  e x t r a c ­
t i o n  r e n d e r e d  t h e  sapw ood sp r in g w o o d  more p e r m e a b le  
th a n  a i r - d r i e d  o r  o v e n - d r ie d  s p e c im e n s . In  a l l  c a s e s  
t h e  ab ove  a u th o r s  a t t r i b u t e d  t h e  d i f f e r e n c e  i n  p erm e­
a b i l i t y  b e tw e e n  sp r in g w o o d  and summerwood and b e tw e e n  
sapw ood and h e a r tw o o d  t o  p i t  a s p i r a t i o n .  O th er  w o r k e rs  
(W ardrop and D a v ie s  1 9 6 1 , S e b a s t ia n  e t  a l  1 9 6 5 , Thomas 
and N ic h o la s  1 9 6 6 , Thomas 19^9» F ogg 1 9 6 9 , M eyer 1 9 7 1 ,  
L in  e t  a l  1 9 7 3 ) fo u n d  s i m i l a r  r e s u l t s .
C om stock  and C o te  ( 1 9 6 8 ) a l s o  B tu d ie d  th e  e f f e c t s  
o f  d r y in g  w ith  s o l u t i o n s  o f  lo w  s u r f a c e  t e n s i o n .  U s in g
3^
aqueouB s u r f a c t a n t  s o l u t i o n s  w ith  s u r f a c e  t e n s i o n  v a l ­
u e s  a s  lo w  a s  20  d y n es/cra , t h e y  o b s e r v e d  no a s p i r a t i o n  
w ith  s u r f a c e  t e n s i o n  v a lu e s  a s  h ig h  a s  d y n e s /c m . T h is  
was h ig h e r  th a n  th e  t h r e s h o ld  v a lu e  o f  26 d y n e s /c m  s u g ­
g e s t e d  b y  L ie s e  and Bauch ( 1 9 6 7 ) .  C om stock and C o te  
s u g g e s t e d  t h a t  t h e  s u r f a c e  t e n s i o n  v a lu e  o f  t h e  l i q u i d  
in v o lv e d  i s  n o t  t h e  o n ly  c o n s i d e r a t io n  in  t h e  m echanism  
o f  p i t  a s p i r a t i o n  b u t t h a t  t h e  t o r u s  s h o u ld  a d h e r e  t o  
th e  p i t  b o r d e r  o n c e  t h e y  come in  c o n t a c t .  O rg a n ic  l i q ­
u id s  w ith  s u f f i c i e n t  s u r f a c e  t e n s i o n  t o  move t h e  t o r u s  
t o  t h e  b o r d e r  do n o t  d e v e lo p  a s  much a d h e s iv e  f o r c e  a s  
w a te r  b e tw e e n  t h e  t o r u s  and t h e  b o r d e r .
Sapwood v e r s u s  h e a r tw o o d . —  G e n e r a l ly  t h e  s a p -  
wood i s  m ore p e r m e a b le  th a n  t h e  h ea r tw o o d  i n  b o th  s o f t ­
wood and h ard w ood . As th e  sapw ood i s  tr a n s fo r m e d  in t o  
h e a r tw o o d  c e r t a i n  c h e m ic a l  c h a n g e s  ta k e  p la c e  w h ereb y  
e x t r a c t i v e s  and v a r io u s  e x tr a n e o u s  m a t e r i a l s  a r e  d e p o s ­
i t e d  i n  t h e  h ea rtw o o d  c e l l  lu m en s and a t  t h e  p i t  mem­
b r a n e s .  Such  d e p o s i t i o n s  i n t e r f e r e  w i t h  f lo w  o f  f l u i d s  
d e g r a d in g  t h e  p e r m e a b i l i t y  o f  th e  h e a r tw o o d . Where no  
su ch  d e p o s i t i o n  t a k e s  p l a c e ,  t h e  h ea rtw o o d  o r  t h e  wood 
n e a r e r  t h e  p i t h  may h a v e  a s  h ig h  a  p e r m e a b i l i t y  a s  th e  
wood n e a r  t h e  b a r k  and so m e tim e s  e v e n  h ig h e r  ( I s a a c s  e t  
a l  I 9 7 I ) .  P i t  a s p i r a t i o n  h a s  a l s o  b e e n  o b s e r v e d  t o  a c ­
company t r a n s i t i o n  o f  t h e  sapw ood t o  h e a r tw o o d . T y lo s e s
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f o r m a t io n  in  th e  h ea r tw o o d  v e s s e l s  g r e a t l y  r e d u c e s  
p e r m e a b i l i t y .
K in in m on th  (1 9 7 1 )  fo u n d  in  N o th o fa g u s  f u s c a  and  
E u c a ly p t u s  r e g n a n s  t h a t  t h e  sapw ood w as m ore p e r m e a b le  
th a n  t h e  h ea r tw o o d  i n  th e  r a d i a l  and t a n g e n t i a l  d i r e c ­
t i o n .  C h oong and F ogg  (1 9 7 2 )  l i k e w i s e  n o te d  a  c o n s i d e r ­
a b le  i n c r e a s e  in  p e r m e a b i l i t y  w ith  d i s t a n c e  from  th e  
p i t h  in  s h o r t l e a f  p in e  ( P in u s  e c h in a t a  M i l l . ) .  S tu d y in g  
th e  a i r  p e r m e a b i l i t y  o f  f o u r  s o u th e r n  p in e  w o o d s, F ogg  
( I 9 6 9 ) o b s e r v e d  c o n s id e r a b le  v a r i a t i o n  b e tw e e n  s p e c i e s  
b u t  t h e s e  d i f f e r e n c e s  w ere  o v ersh a d o w ed  b y  t h e  d i f f e r ­
e n c e  i n  t h e  p e r m e a b i l i t y  b e tw e e n  sapw ood and h e a r tw o o d . 
L in  e t  a l  (1 9 7 3 )  n o te d  t h a t  t h e  p e r m e a b i l i t y  o f  th e  
sapw ood  t o  w a te r  w as 200 t im e s  g r e a t e r  th a n  th e  n orm al 
h e a r tw o o d  o f  w e s te r n  h em lo ck  f T su g a  h e t e r o p h y l la  ( R a f . )  
S a r g . ] .  I s a a c s  e t  a l  ( 1 9 7 1 ) .  h o w ev e r , fo u n d  t h a t  in  
c o tto n w o o d  ( P o p u lu s  d e l t o i d e s  B a r t r . )  t h e  sapw ood was 
n o t  a s  p e r m e a b le  a s  th e  h e a r tw o o d .
T he p e r m e a b i l i t y  g r a d a t io n  i n  th e  d i r e c t i o n  o f  
th e  w ood r a y s  h a s  b e e n  s t u d ie d  c o n s i d e r a b l y .  Buro and  
Buro (1 9 5 9 b )  o b s e r v e d  t h a t  th e  g a s  p e r m e a b i l i t y  d e ­
c r e a s e s  i n  th e  sapw ood from  th e  o u t s id e  i n  t h e  d i r e c ­
t i o n  to w a r d s  t h e  p i t h  and t h a t  p e r m e a b i l i t y  i s  im proved  
w it h  i n c r e a s e  in  sapw ood t h i c k n e s s .  C om stock  ( 1 9 6 5 ) 
made s i m i l a r  o b s e r v a t io n s  in  g r e e n  sapw ood o f  e a s t e r n
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h e m lo c k , and K in in m on th  (1 9 7 1 )  l i k e w i s e  i n  N o th o fa g u s  
f u s e a  and E u c a ly p tu s  r e g n a n s ,
S p rin gw ood  and summerwood o f  B o ftw o o d s . —  The 
v a r i a t i o n  i n  p e r m e a b i l i t y  b e tw e e n  t h e  sp r in g w o o d  and 
summerwood w as o b s e r v e d  e a r l y  in  t r e a t a b i l i t y  s t u d i e s .  
P h i l l i p s  £ 1 9 3 3 ) n o te d  t h a t  summerwood w as e a s i e r  t o  
t r e a t  th a n  sp r in g w o o d  in  a i r - d r i e d  m a t e r i a l s .  He a t ­
t r i b u t e d  t h i s  phenom enon t o  t h e  a s p i r a t i o n  o f  p i t s  in  
t h e  sp r in g w o o d , w h i le  summerwood p i t s  a r e  l e s s  su b ­
j e c t e d  t o  a s p i r a t i o n  on a c c o u n t  o f  t h e i r  m ore r i g i d  
p i t  m em branes. B ram h a ll ( 1 9 6 7 ) a l s o  fo u n d  t h a t ,  w h i le  
t h e  p e r m e a b i l i t y  o f  th e  summerwood o f  D o u g l a s - f i r  w as 
e s s e n t i a l l y  in d e p e n d e n t  o f  d r y in g  m eth o d s , t h e  a i r -  
d r ie d  sp r in g w o o d  u s u a l l y  had p e r m e a b i l i t i e s  l e s s  th a n  
t h a t  o f  t h e  summerwood.
The w ork o f  B anks ( 1 9 6 8 ) a l s o  s u p p o r t s  th e  c o n ­
t e n t i o n  t h a t  a s p i r a t i o n  d r a s t i c a l l y  r e d u c e s  p e r m e a b il­
i t y  in  sp r in g w o o d , b u t  n o t  i n  summerwood, w h ich  r e t a i n s  
much o f  i t s  c a p a c i t y  t o  f lo w  f l u i d s .  In  h i s  s tu d y  on  
S c o t s  p in e  ( P in u s  s y l v e s t r i s  1 . ) ,  Banks ( I 9 6 8 ) m easured  
t h e  l a t e r a l  p e r m e a b i l i t y  o f  th e  sp r in g w o o d  h e a r tw o o d .
He fou n d  a  drop  i n  t h e  f lo w  r a t e  in  sapw ood sp r in g w o o d  
w hen d r ie d  from  g r e e n  t o  25  p e r c e n t  m o is tu r e  c o n t e n t ,  
w h i l e  n o te d  l e s s  d e g r a d a t io n  in  t h e  f lo w  r a t e  in  th e  
sum m erwood. He o b s e r v e d  l i t t l e  d i f f e r e n c e  b e tw e e n  t h e
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h ea rtw o o d  sp r in g w o o d  and summerwood, e i t h e r  in  g r e e n  o r  
d r y  m a t e r i a l s .  T h is  w ou ld  h e  e x p e c te d  i f  m o st o f  t h e  
p i t s  in  t h e  h ea r tw o o d  w ere a lr e a d y  a s p ir a t e d  e v e n  in  
g r e e n  c o n d i t i o n .
B uro and Buro ( 1 9 5 9 a ) ,  h o w ev e r , d i s a g r e e d  w ith  
th e  th e o r y  o f  P h i l l i p s  (1 9 3 3 )*  T hey fo u n d  in  t h e i r  
s t u d i e s  t h a t  th e  sp r in g w o o d  w as a s  p e r m e a b le  a s  th e  
summerwood e v e n  i n  d r y  c o n d i t i o n .  T h e ir  t e s t s  on  th e  
a x i a l  p e n e t r a t i o n  o f  p a r a f f i n  show ed t h a t  i t  p e n e t r a t e d  
u n ifo r m ly  i n  th e  sp r in g w o o d  and summerwood o f  th e  s a p -  
w ood . T h ey  c o n te n d e d  t h a t  " th e  f r e q u e n t l y  e s t a b l i s h e d  
f a c t  t h a t  summerwood i s  more e a s i l y  p e r m e a ted  b y  l i q ­
u id s  th a n  sp r in g w o o d  p r o b a b ly  i s  b a s e d  on  t h e  f a c t  
t h a t  in  summerwood a  l i q u i d  a c c u m u la t io n  i s  o b s e r v e d  
more f r e q u e n t l y  th a n  in  sp r in g w o o d . H ow ever, t h i s  b y  no 
m eans p r o v e s  an e a s i e r  p e n e t r a b i l i t y  o f  th e  summerwood, 
b u t th e  much s t r o n g e r  c a p i l l a r y  s u c t i o n  f o r c e  o f  th e  
narrow  lu m en s o f  summerwood c e l l s  i s  a t  w o rk ."
O th er  f a c t o r s . —  V a r io u s  f a c t o r s  o t h e r  th a n  
t h o s e  d i s c u s s e d  ab ove  h ave  b e e n  s t u d ie d  b y  d i f f e r e n t  
i n v e s t i g a t o r s  in  an  e f f o r t  t o  d e te r m in e  t h e i r  e f f e c t  on  
wood p e r m e a b i l i t y .  C om stock  ( I 9 6 5 ) fo u n d  t h e  l o n g i t u d i ­
n a l  p e r m e a b i l i t y  o f  g r e e n  e a s t e r n  h em lock  sapw ood v a r ie d  
d i r e c t l y  w it h  h e ig h t  b u t  t h a t  t h e  v a r i a t i o n  i n  th e  
h ea rtw o o d  w as l e s s  s y s t e m a t i c .  C hoong and F ogg  (1 9 7 2 )
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fo u n d  t h a t  h e i g h t  h a s  a  s i m i l a r  i n f l u e n c e  in  th e  p e r ­
m e a b i l i t y  o f  a  m atu re s h o r t l e a f  p in e  b u t l i t t l e  v a r i ­
a t i o n  c o u ld  b e  a t t r i b u t e d  t o  t h i s  s o u r c e  in  a  y o u n g er  
( 1 0 - y e a r - o ld )  t r e e .  In  y e l lo w  p o p la r  ( L ir io d e n d r o n  
t u l i p i f e r a  L„) th e  p e r m e a b i l i t y  v a r ie d  i n c o n s i s t e n t l y  
w ith  h e i g h t .
S p e c i f i c  g r a v i t y  w as a l s o  fo u n d  t o  a f f e c t  p erm e­
a b i l i t y .  C om stock  ( I 9 6 5 ) and C hoong and F ogg (1 9 7 2 )  
fo u n d  t h a t  p e r m e a b i l i t y  d e c r e a s e s  w ith  s p e c i f i c  g r a v i t y  
in  th e  s p e c i e s  t h e y  s t u d i e d .  I s a a c s  e t  a l  (1 9 7 1 )  a l s o  
fo u n d  t h a t  b o th  l o n g i t u d i n a l  and t r a n s v e r s e  a i r  p erm e­
a b i l i t y  c o r r e l a t e d  w e l l  w it h  s p e c i f i c  g r a v i t y  in  t h e  
h ea rtw o o d  o f  c o tto n w o o d , b u t  t h a t  th e  sapw ood perm e­
a b i l i t y  was in d e p e n d e n t  o f  s p e c i f i c  g r a v i t y .  On th e  
o t h e r  h an d , R esch  and E ck lu n d  (1 9 6 * 0  f a i l e d  t o  f i n d  
an y  c o r r e l a t i o n  b e tw e e n  th e  s p e c i f i c  g r a v i t y  o f  u n e x ­
t r a c t e d  redw ood f S e q u o ia  s e m p e r v ir e n s  (D . Don) E n d l . ]  
sa m p le s  and l o n g i t u d i n a l  p e r m e a b i l i t y .  A r g a n b r ig h t  and  
W ilc o x  { 1 9 6 9 ) l i k e w i s e  d id  n o t  f i n d  th e  s p e c i f i c  g r a v ­
i t y  c o r r e l a t e d  w ith  t r e a t a b i l i t y  in  w h ite  f i r  ( A b ie s  
c o n c o lo r  G ord. and G le n d . ) .
P e r m e a b i l i t y  v e r s u s  T r e a t a b i l i t y
I f  p e r m e a b i l i t y  c h a r a c t e r i z e s  th e  e a s e  w ith  w h ich  
f l u i d s  c a n  p a s s  th r o u g h  a  p o r o u s  m edium , th e n  i t  w ou ld
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a l s o  i n d ic a t e  t h e  f a c i l i t y  w it h  w h ich  t h e  p o r o u s  medium  
can  b e  t r e a t e d  w i t h  p r e s e r v a t i v e s .  M i l l e r  ( 1 9 6 1 ) made 
some q u a l i t a t i v e  m easurem ent o f  th e  p e r m e a b i l i t y  o f  
D o u g l a s - f i r  t o  a i r  and c o r r e l a t e d  t h i s  w i t h  t r e a t a b i l ­
i t y .  He c o n c lu d e d  t h a t  l o n g i t u d i n a l  p e r m e a b i l i t y  was 
n o t  a  r e l i a b l e  in d e x  o f  t h e  p o t e n t i a l  l o n g i t u d i n a l  
p e n e t r a t i o n  o f  c r e o s o t e .  H ow ever, he o b s e r v e d  t h a t  wood  
sa m p le s  w h ich  w ere  v e r y  im p erm eab le  w ere  v e r y  r e s i s t a n t  
and t h o s e  h i g h ly  p e r m e a b le  w ere  r e c e p t i v e  t o  t r e a tm e n t  
w ith  c r e o s o t e .  S i m i l a r l y ,  A r g a n b r ig h t  and W ilc o x  ( 1 9 6 9 ) 
f a i l e d  t o  c o r r e l a t e  th e  t r a n s v e r s e  p e r m e a b i l i t y  o f  
w h ite  f i r  w ith  t r e a t a b i l i t y .  T hey s u g g e s t e d  t h a t  t h i s  
may h a v e  b e e n  c a u s e d  b y  a l a r g e  amount o f  e n d - g r a in  
p r e s e n t  in  t h e i r  s m a l l  sp e c im e n s  th u s  a l lo w in g  c o n s i d ­
e r a b le  e n d - p e n e t r a t io n  and m a sk in g  th e  t r u l y  t r a n s v e r s e  
p e n e t r a t i o n  o f  t h e  p r e s e r v a t i v e .  I s a a c s  e t  a l  (1 9 7 1 )  
l i k e w i s e  w ere n o t  a b le  t o  show  an y  r e l a t i o n s h i p  b e tw e en  
th e  a i r  p e r m e a b i l i t y  o f  c o tto n w o o d  and c r e o s o t e  t r e a t ­
a b i l i t y .  They o v e n - d r ie d  t h e i r  sp e c im e n s  p r i o r  t o  
t r e a t m e n t ,  w h ich  may have c a u s e d  c h e c k s  in  t h e  s p e c i ­
m en s. I f  t h i s  w as t h e  c a s e ,  th e n  t h e i r  r e s u l t s  w ou ld  be  
s i m i l a r  t o  t h a t  o f  A r g a n b r ig h t  and W ilc o x  ( 1 9 6 9 ) w here  
th e  t r u e  p e n e t r a t i o n  o f  c r e o s o t e  w as o v ersh a d o w ed  b y  
h ig h  a b s o r p t io n  due t o  c h e c k in g .
C o n tr a r y  t o  t h e  ab ove  o b s e r v a t i o n s ,  s e v e r a l  a u -
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th o r s  h ave  fou n d  a d e f i n i t e  and h i g h l y  s i g n i f i c a n t  
c o r r e l a t i o n  b e tw e en  p e r m e a b i l i t y  and t r e a t a b i l i t y .
T e so r o  e t  a l  ( 1 9 6 6 ) w ere a b le  t o  f i n d  t h a t  a  d i r e c t  
r e l a t i o n s h i p  e x i s t s  b e tw e e n  th e  lo g a r i t h m  o f  t r a n s v e r s e  
g a s  p e r m e a b i l i t y  and th e  r e t e n t i o n  and p e n e t r a t io n  o f  
c r e o s o t e .  S ia u  and Shaw (1 9 7 1 )  a l s o  c o n c lu d e d  from  t h e i r  
s t u d y  on  r e f r a c t o r y  hardw oods t h a t  i t  i s  p o s s i b l e  t o  
p r e d i c t  r e l a t i v e  t r e a t a b i l i t y  from  a i r  p e r m e a b i l i t y .
T hey d e v e lo p e d  an e q u a t io n  f o r  p r e d i c t i n g  th e  t r e a t i n g  
p r e s s u r e  from  t h e  v a lu e s  o f  a i r  p e r m e a b i l i t y  r e q u ir e d  
t o  overcom e c a p i l l a r i t y .  The r e s u l t s  o f  th e  s tu d y  b y  
C hoong e t  a l  (1 9 7 2 )  was i n  a g reem en t w ith  t h e  r e s u l t s  
o f  T e so r o  e t  a l  ( 1 9 6 6 ) and t h a t  o f  S ia u  and Shaw ( 1 9 7 1 ) .  
T h ey fo u n d  t h a t  t h e r e  i s  a  d i r e c t  r e l a t i o n s h i p  b e tw e e n  
g a s  p e r m e a b i l i t y  and th e  r e t e n t i o n  and p e n e t r a t io n  o f  
c o p p e r  s u l f a t e  and o f  c r e o s o t e .  The r e l a t i o n s h i p  can  
be im proved  i f  p e r m e a b i l i t y  i s  e x p r e s s e d  in  l o g a r i t h m ic  
fo r m . I n  a  l a t e r  w ork , C hoong and F ogg  (1 9 7 2 )  a l s o  o b ­
t a in e d  a  m o d era te  c o r r e l a t i o n  b e tw e e n  t h e  lo g a r i t h m  o f  
a i r  p e r m e a b i l i t y  and r e t e n t i o n  in  s h o r t l e a f  p i n e .  In  
y e l lo w  p o p la r ,  o n ly  b y  c o m b in in g  th e  t r a n s v e r s e  and l o n ­
g i t u d i n a l  v a lu e s  c o u ld  a  r e l a t i o n s h i p  b e tw e e n  th e  two  
v a r i a b l e s  b e  d e t e c t e d .
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R e l a t i v e  P e r m e a b i l i t y
U n t i l  r e c e n t l y ,  s t u d i e s  on  r e l a t i v e  p e r m e a b i l i t y  
h a s  b een  c o n f in e d  t o  r e s e r v o i r  r o c k s*  T h ese  s t u d i e s  
w ere made on  r o c k  sa m p le s  o f  p r o d u c in g  fo r m a t io n s  in  
a t te m p ts  t o  p r e d i c t  o i l  or  g a s  r e c o v e r i e s  when a  g iv e n  
r e c o v e r y  t e c h n iq u e  i s  e m p lo y ed , G e ffe n  e t  a l  (1 9 5 1 )  
d e s c r ib e d  th e  f a c t o r s  in v o lv e d  in  l a b o r a t o r y  m ea su r e ­
m en ts o f  r o c k  r e l a t i v e  p e r m e a b i l i t y .  N o te w o r th y  t o  th e  
p r e s e n t  s t u d y  a r e  t h e  b ou nd ary  e f f e c t s  and s a t u r a t i o n  
h i s t o r y ,
O soba e t  a l  (1 9 5 1 )  d e s c r ib e d  th e  n a tu r e  o f  t h e  
bou nd ary  o r  e n d - e f f e c t s  d u r in g  la b o r a t o r y  m ea su rem en ts . 
S in c e  t h e  c o r e  sa m p le s  u sed  i n  l a b o r a t o r y  m easu rem en ts  
a r e  n o t  su rro u n d ed  b y  s i m i l a r  c o r e  sa m p le s  a s  i t  was in  
th e  r e s e r v o i r ,  a  b ou n d ary  e f f e c t  r e s u l t s  w h ich  i s  due  
t o  th e  d i s c o n t i n u i t y  in  c a p i l l a r y  p r o p e r t i e s  a t  t h e  
dow nstream  end o f  t h e  sa m p le . When tw o o r  more p h a s e s  
a r e  m ovin g  th r o u g h  a  c a p i l l a r y  s y s te m , c a p i l l a r y  f o r c e s  
r e s u l t i n g  from  th e  d i f f e r e n c e  i n  p r e s s u r e  a c r o s s  th e  
f l u i d  i n t e r f a c e s  e x i s t  w i t h in  t h e  s y s t e m . The s y s te m  
t e n d s  t o  r e t a i n  th e  w e t t in g  p h a s e  a t  t h e  o u t f lo w  end  
r e s u l t i n g  in  th e  a c c u m u la t io n  o f  t h a t  p h a se  a t  t h e  o u t ­
f lo w  b o u n d a ry  th a n  e l s e w h e r e .  T h is  c r e a t e s  a  s a t u r a t i o n  
g r a d i e n t .  I n  th e  p r e s e n c e  o f  su c h  a  g r a d i e n t ,  t h e  a c t u a l  
p r e s s u r e  d rop  a c t i n g  on th e  d i f f e r e n t  p h a s e s  i s  n o t
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e q u a l  b u t  i s  h ig h e r  on th e  n o n - w e t t in g  p h a se  b y  an  
am ount e q u a l t o  th e  d i f f e r e n c e  in  c a p i l l a r y  p r e s s u r e  a t  
th e  tw o en d s o f  t h e  s y s te m . T h is  r e s u l t s  in  a  lo w e r  
v a lu e  o f  th e  r e l a t i v e  p e r m e a b i l i t y  o f  t h e  w e t t in g  p h a s e ,  
s i n c e  t h e  p r e s s u r e  u se d  f o r  i t s  c a l c u l a t i o n  i s  th e  p r e s ­
s u r e  w h ich  i s  e f f e c t i v e  in  c a u s in g  f lo w  o f  t h e  n on ­
w e t t in g  p h a s e .
G e ffe n  e t  a l  (1 9 5 1 )  a l s o  p o in t e d  o u t  th e  e x i s ­
t e n c e  o f  t h i s  s a t u r a t i o n  g r a d ie n t  in  m u lt i - p h a s e  f lo w  
s y s t e m s .  O soba e t  a l  (1 9 5 1 )  and G e ffe n  e t  a l  (1 9 5 1 )  
a g r e e d  t h a t  t h i s  b ou n d ary  o r  e n d - e f f e c t  c o u ld  b e  o v e r ­
come b y  th e  u s e  o f  e n d - e f f e c t  p i e c e s  a t  th e  o u t l e t  end 
o f  t h e  p e r m e a b i l i t y  s p e c im e n . A p o r o u s  m a t e r ia l  sh o u ld  
be p la c e d  b e tw e e n  th e  sp e c im e n  and th e  e n d - e f f e c t  p i e c e  
t o  p r o v id e  c a p i l l a r y  c o n t i n u i t y  b e tw e e n  th em . The e n d -  
e f f e c t  p i e c e  s h o u ld  be o f  t h e  same m a t e r ia l  a s  th e  t e s t  
c o r e .  The p u r p o se  o f  th e  e n d - e f f e c t  p i e c e  i s  t o  a b so rb  
th e  b ou n d ary  e f f e c t  and t h a t  i f  a c c u m u la t io n  o f  th e  
w e t t in g  p h a se  o c c u r s  i t  s h o u ld  ta k e  p la c e  in  t h i s  p i e c e ,  
t h e r e b y  m a in ta in in g  a  u n ifo rm  s a t u r a t i o n  in  t h e  t e s t  
p i e c e  and an  e q u a l  p r e s s u r e  d rop  a c t i n g  on  th e  p h a s e s .
R e la t iv e  p e r m e a b i l i t y  m easu rem en ts may b e  c o n ­
d u c te d  in  two w ays* d r a in a g e  and i m b i b i t i o n .  In  th e  
d r a in a g e - t y p e  m easu rem en t t h e  t e s t  c o r e  i s  s a t u r a t e d  
w ith  t h e  w e t t in g  p h a se  (w a te r  o r  o i l )  and i t  i s  d r a in e d
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b y  p a s s in g  in c r e a s i n g  r a t e s  o f  th e  n o n - w e t t in g  p h a se  
( g a s ) .  In  i m b i b i t io n - t y p e  m easurem ent th e  t e s t  c o r e  i s  
n o t  f u l l y  s a t u r a t e d  and an i n c r e a s i n g  am ount o f  th e  
w e t t in g  p h a se  i s  p a s s e d  th r o u g h  th e  c o r e .  In  t h e  s tu d y  
o f  r e l a t i v e  p e r m e a b i l i t y  o f  r e s e r v o i r  r o c k s ,  t h e  s a t u ­
r a t i o n  h i s t o r y  i s  o f  g r e a t  im p o r ta n c e  e s p e c i a l l y  i f  th e  
d a ta  g a th e r e d  a r e  u sed  to  p r e d i c t  r e c o v e r i e s  from  a  
w e l l .
Brownscom be e t  a l  (1 9 ^ 9 ) d e s c r ib e d  th e  d i s p l a c e ­
m ent m echanism  in  a m u lt i - p h a s e  f lo w  w h ereb y  an  i n t e r ­
f a c e  b e tw e e n  t h e  d i s p l a c i n g  and t h e  d i s p la c e d  f l u i d s  
e x i s t s .  The m ajor p o r t io n  o f  th e  p h a se  t o  be d i s p l a c e d  
i n  a  g iv e n  f lo w  c h a n n e l m oves ahead  o f  th e  i n t e r f a c e . 
A f t e r  th e  i n t e r f a c e  p a s s e s  a  p o i n t  in  th e  f lo w  c h a n n e l ,  
d is p la c e m e n t  a t  t h i s  p o i n t  c o n t in u e s  a t  a  s lo w e r  p a c e  
u n t i l  s a t u r a t i o n  i s  c o n s i s t e n t  w ith  th e  p r e s s u r e  d i f f e r ­
e n c e  b e tw e e n  th e  p h a s e s .  T hey s t a t e d  t h a t  t h e  f i r s t  
f l u i d  d i s p la c e d  d u r in g  d e s a t u r a t io n  com es from  th e  
l a r g e s t  c o n n e c te d  o p e n in g s ,  f o l lo w e d  b y  t h o s e  i n  o p en ­
in g s  l a r g e r  th a n  th e  o p e n in g s  w h ich  p o s s e s s  a  c a p i l l a r y  
p r e s s u r e  e q u a l  t o  th e  a p p l ie d  p r e s s u r e .  S in c e  th e  l a r g e r  
o p e n in g s  c o n t r ib u t e  t h e  g r e a t e s t  t o  f lo w ,  th e  b lo c k a g e  
o f  f lo w  in  t h e  l a r g e r  o p e n in g s  b y  th e  s e c o n d  p h a se  r e ­
s u l t s  in  a  m arked d e c r e a s e  in  r e l a t i v e  p e r m e a b i l i t y  o f  
t h e  d i s p la c e d  f l u i d .
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I f  f lo w  i s  p r e d i c t a b l e  from  t h e  s i z e  o f  t h e  o p e n ­
in g s  a s  i n d ic a t e d  b y  P o i s e u i l l e ' s  e q u a t io n ,  th e n  i t  i s  
c o n c e iv a b le  t h a t  t h e  n a tu r e  o f  t h e  c a p i l l a r y ,  i . e . ,  i t s  
s i z e  and d i s t r i b u t i o n ,  w o u ld  b e  e x h i b i t e d  in  t h e  r e l a ­
t i v e  p e r m e a b i l i t y  c u r v e  o f  t h e  m a t e r i a l .  Brow nscom be e t  
a l  (19^-9) d e s c r ib e d  t h e  n a t u r e  o f  t h e  g r a p h s  t h a t  w o u ld  
b e e x p e c t e d  from  c a p i l l a r i e s  o f  v a r io u s  s i z e s .  F or a  
s im p le  c a p i l l a r y  tu b e  t h e  c h a n g e  o f  t h e  w e t t in g  p h a s e  
p e r m e a b i l i t y  w i t h  s a t u r a t i o n  i s  e s s e n t i a l l y  a  s t r a i g h t  
l i n e  up t o  a b o u t  t h e  10 p e r c e n t  s a t u r a t i o n  p o i n t ,  th e n  
t h e  c u r v e  c h a n g e s  s l o p e  s h a r p ly  u n t i l  a  z e r o  v a lu e  i s  
r e a c h e d .  The n o n - w e t t in g  p h a s e  c u r v e  r i s e s  s l o w l y  w it h  
d e c r e a s i n g  s a t u r a t i o n ,  th e n  r a p i d l y  r i s e s  t o  a  v a lu e  
e q u a l  t o  o n e .  T h is  t y p e  o f  c u r v e  may b e  e x p e c t e d  from  
m a t e r i a l s  o f  u n i f o r m - s i z e  c a p i l l a r i e s  w h ic h  w o u ld  be  
e m p tie d  a t  a b o u t t h e  sam e t i m e .
F o r  c a p i l l a r i e s  o f  v a r y in g  s i z e s ,  t h e  l a r g e r  c a p ­
i l l a r i e s  w o u ld  b e  e m p tie d  f i r s t  and t h a t  t h e  s m a l l e r  
c a p i l l a r i e s  w ou ld  h a v e  t o  c a r r y  t h e  d i s p l a c e d  f l u i d  
(B row nscom be e t  a l  1 9 4 9 ) .  F low  v a r i e s  w i t h  th e  f o u r t h  
pow er o f  t h e  r a d iu s  o f  a  c a p i l l a r y  w h i l e  t h e  vo lu m e  
v a r i e s  o n ly  w it h  t h e  s e c o n d  p ow er  a s  c a n  b e  s e e n  from  
P o i s e u i l l e ' s  e q u a t io n  and from  t h e  e q u a t io n  f o r  t h e  v o l ­
ume o f  a  c y l i n d e r .  Brow nscom be e t  a l  ( 1 9 4 9 )  show ed t h a t  
u n d e r  a  s y s te m  o f  c a p i l l a r i e s  o f  v a r y in g  s i z e s ,  th e
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r e l a t i v e  p e r m e a b i l i t y  o f  t h e  w e t t in g  p h a se  w ould  c h a n g e  
b y  th e  sq u a r e  o f  s a t u r a t i o n  r e s u l t i n g  in  a  p a r a b o l ic  
c u r v e  o f  th e  ty p e  kr  = c S 3 , w here kr  i s  t h e  r e l a t i v e  
p e r m e a b i l i t y ,  c i s  a  c o n s t a n t ,  and S i s  t h e  p e r c e n ta g e  
s a t u r a t i o n .  F or u n ifo r m ly  d i s t r i b u t e d  c a p i l l a r i e s  o f  
v a r y in g  s i z e s ,  th e  c u r v e  w o u ld  be sm ooth w h i le  th e  c u r v e  
f o r  one w here th e  c a p i l l a r i e s  a r e  ran d om ly  d i s t r i b u t e d  
w ould d e v i a t e  from  a  sm ooth  c u r v e .  I t  s h o u ld  be th u s  
p o s s i b l e  t o  d e s c r ib e  th e  p o r e  s t r u c t u r e  o f  a  m a t e r ia l  
b a se d  on  i t s  r e l a t i v e  p e r m e a b i l i t y  c u r v e .
P r o b a b ly  t h e  f i r s t  s t u d y  on th e  r e l a t i v e  perm e­
a b i l i t y  o f  wood was done b y  T e so r o  e t  a l  ( 1 9 7 2 ) .  U s in g  
o i l  a s  t h e  d i s p l a c i n g  f l u i d  i n  a  d r a in a g e - t y p e  r e l a t i v e  
p e r m e a b i l i t y  m easu rem en t, t h e y  c o n c lu d e d  t h a t  su ch  
m easu rem en ts ca n  be done c o n v e n ie n t ly  w it h  w ood . The 
c u r v e s  t h e y  o b ta in e d  r e s e m b le d  t h o s e  f o r  r o c k s .  T h e ir  
r e s u l t s  a l s o  i n d ic a t e d  t h a t  th e  r e l a t i v e  p e r m e a b i l i t y  
i s  more c l o s e l y  r e l a t e d  t o  th e  wood s t r u c t u r e  th a n  t o  
i t s  s p e c i f i c  p e r m e a b i l i t y .
C a p i l l a r y  P r e s s u r e
H a s s le r  and B runner (1 9 ^ 5 )  fou n d  t h a t  a  c e n t r i ­
fu g e  ca n  b e  u se d  c o n v e n ie n t ly  f o r  d e te r m in in g  c o n n a te  
w a te r  s a t u r a t i o n  and a l s o  f o r  e s t a b l i s h i n g  c a p i l l a r y  
p r e s s u r e  c u r v e s  in  s a n d s to n e  c o r e s .  The t e c h n iq u e  i n -
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v o lv e d  a  s t e p - w i s e  m ethod o f  r u n n in g  th e  c e n t r i f u g e  a t  
a  c o n s t a n t  s p e e d  a t  v a r io u s  sp e e d  l e v e l s  and t h e  s a t u ­
r a t i o n  was d e te r m in e d  b y  g e t t i n g  th e  volum e o f  l i q u i d  
rem oved  a t  e q u i l ib r iu m  c o n d i t i o n  a t  a  g iv e n  sp eed *
S lo b o d  e t  a l  (1 9 5 1 )  r e f i n e d  th e  m ethod o f  H a s s le r  and  
B ru n n er (1 9 ^ 5 ) and a l s o  u s e d  much h ig h e r  s p e e d s .  T hey  
a r r iv e d  a t  e s s e n t i a l l y  t h e  same c o n c l u s i o n s , a lth o u g h  
t h e y  o b s e r v e d  t h a t  a t  h ig h e r  s p e e d s  t h e  r e s u l t s  w ere  
a f f e c t e d  b y  c a v i t a t i o n  and p o s s i b l e  e v a p o r a t io n  l o s s e s .  
H offm an ( 1 9 6 3 ) m o d if ie d  t h e  t e c h n iq u e  b y  u s in g  a  c o n ­
s t a n t  a c c e l e r a t i o n  s t a r t i n g  from  z e r o  in s t e a d  o f  a  c o n ­
s t a n t  s p e e d .  He c o n c lu d e d  t h a t  he o b t a in e d  a c c u r a te  and 
p r e c i s e  c a p i l l a r y  p r e s s u r e  c u r v e s  and t h a t  h i s  t e c h ­
n iq u e  r e d u c e d  th e  tim e  f o r  su ch  d e t e r m in a t io n .  Sup­
p o s e d l y ,  i t  a l s o  p r o v id e d  a  g r e a t e r  p r e s s u r e  r a n g e .
The u s e  o f  th e  c e n t r i f u g e  t o  rem ove m o is tu r e  from  
wood in  an e f f o r t  t o  e v a lu a t e  th e  f i b e r  s a t u r a t i o n  
p o i n t  was f i r s t  u n d e r ta k e n  b y  Perem  (1 9 5 * 0 *  He u sed  
h a l f - i n c h  c u b e s  o f  w h ite  sp r u c e  f P ic e a  g la u c a  (M o en ch .)  
V o s s .3 and r e d  p in e  (P in u s  r e s i n o s a  A i t )  sa p w o o d . He was 
a b le  t o  r e d u c e  t h e  m o is tu r e  c o n t e n t  o f  th e  r e d  p in e  t o  
a b o u t 30  t o  3 2  p e r c e n t  and th e  w h it e  sp r u c e  t o  a b o u t 3b  
p e r c e n t .  He c o n c lu d e d  t h a t  t h e s e  m o is tu r e  c o n t e n t  v a lu e s  
c o u ld  be ta k e n  a s  th e  f i b e r  s a t u r a t i o n  p o i n t s ,  s i n c e  
f u r t h e r  c e n t r i f u g i n g  d id  n o t  s i g n i f i c a n t l y  r e d u c e  th e
1*7
m o is tu r e  c o n t e n t  o f  th e  s p e c im e n s .  N ot much w ork h a s  
b e e n  done on t h i s  s u b j e c t  s i n c e .
EXPERIMENTAL METHODS AND PROCEDURES
E quipm ent
W ater p e r m e a b i l i t y  m ea su rem en t. —  W ater perm e­
a b i l i t y  o f  th e  sp e c im e n s  a t  s a t u r a t e d  c o n d i t io n  w as 
m easured  w ith  th e  a p p a r a tu s  d e s c r ib e d  b y  Choong and  
K im b ler  ( I 9 7 I ) .  I t  c o n s i s t e d  o f  a  c o r e  h o ld e r  made from  
s t a i n l e s s  s t e e l  tu b e  w hose d ia m e te r  w as s l i g h t l y  l a r g e r  
th a n  t h e  s a m p le s . T h is  a l lo w e d  i t  t o  b e  f i t t e d  w it h  a  
n e o p r e n e  ru b b er  s l e e v e  to  w h ich  g a s  p r e s s u r e  o v e r  w a te r  
up t o  15  t im e s  th e  f lo w  p r e s s u r e  w as s u p p l ie d  t o  h o ld  
th e  sp e c im e n  t i g h t ,  th u s  p r e v e n t in g  t h e  p a s s a g e  o f  l i q ­
u id  b e tw e e n  th e  s l e e v e  and t h e  s i d e s  o f  th e  sp e c im e n  
(F ig u r e  1 ) .  A S ta th a m  UC3 u n iv e r s a l  t r a n s d u c e r  c e l l  a t ­
ta c h e d  t o  a  p r e s s u r e  diaphram  was c o n n e c te d  im m e d ia te ly  
b e f o r e  th e  c o r e  h o l d e r .  P r e s s u r e  was in d ic a t e d  on  a  
S tath am  UR4 M eter  R e a d -o u t . T h ree tr a n s d u c in g  c e l l s  
eq u ip p e d  w ith  p r e s s u r e  d iaphram  o f  2 , 5 and 10 p s i  c a ­
p a c i t y  w ere  u sed  d e p e n d in g  upon th e  p e r m e a b i l i t y  o f  th e  
s p e c im e n . The lo w e r  c a p a c i t y  d iaphram  a f f o r d e d  m ore 
a c c u r a te  r e a d in g s  f o r  more p e r m e a b le  sp e c im e n s  th a n  
w ould b e  o b ta in e d  from  h ig h e r  c a p a c i t y  d ia p h r a m s.
L iq u id  was s u p p l ie d  t o  t h e  sp e c im e n  a t  a  c o n s t a n t  
r a t e  b y  a  p r e c i s i o n  p o s i t i v e  d is p la c e m e n t  pump. The r a t e
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F ig u r e  1 .  V iew  o f  t h e  a p p a r a tu s  f o r  m e a s u r in g  
w a te r  p e r m e a b i l i t y .  A , c o r e  b a r r e l*
B , p r e s s u r e  tr a n s d u c e r *  C, M eter  R ead ­
o u t*  D , p o s i t i v e  d i s p la c e m e n t  pump*
E , M i l l i p o r e  f i l t e r *  F , g a s  c y l in d e r *  
G, s l e e v e - p r e s s u r e  g a u g e .
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w as v a r ie d  b y  c h a n g in g  th e  pump g e a r s .  The w a te r  r e s e r ­
v o i r  o f  th e  pump was c h a n g e a b le .  Two r e s e r v o i r s  w ere  
a v a i l a b l e .  One had a  r a t e  r a n g in g  from  0.003*+ t o  2 .0 0 5  
c c /m in .  The l a r g e r  o f  t h e  two had a  f lo w  r a t e  r a n g in g  
from  0 .0 1 3  to  8 . 0*+6 c c /m in .  T h ese  r a t e s  w ere fou n d  a c ­
c u r a t e  t o  + 0 .0 7  p e r c e n t  a t  7 2 °F . B etw een  th e  pump and 
th e  c o r e  b a r r e l  w as a  M i l l ip o r e  f i l t e r  (5 0  m i l l i m i c r o n ) .  
T h is  m ethod d i f f e r e d  from  o t h e r  t e c h n iq u e s  u sed  in  p e r ­
m e a b i l i t y  m easu rem en ts (C om stock  1 9 ^ 5 . K e lso  e t  a l  19^ 3)  
in  t h a t  th e  f lo w  w as h e ld  c o n s t a n t  w h i le  t h e  p r e s s u r e  
v a r ie d  u n t i l  a  s t e a d y - s t a t e  c o n d i t io n  was a t t a i n e d |  in  
o t h e r  m easu rem en ts t h e  p r e s s u r e  w as h e ld  c o n s t a n t  and 
th e  f lo w  r a t e  v a r ie d  u n t i l  i t  becam e c o n s t a n t .
Gas p e r m e a b i l i t y  m ea su rem en t. —  The eq u ip m en t  
u sed  to  m easu re g a s  p e r m e a b i l i t y  h a s  a lr e a d y  b e e n  d e ­
s c r ib e d  b y  I s a a c s  e t  a !  (1 9 7 1 )*  The sp e c im e n  h o ld e r  and 
th e  m anner t h e  sa m p le  w as f i t t e d  f o r  m easurem ent w ere  
s i m i l a r  t o  t h a t  u se d  f o r  l i q u i d  p e r m e a b i l i t y  m ea su r e ­
m en ts (F ig u r e  2 ) .  P r e - p u r i f i e d  g a s  w as p a s s e d  th ro u g h  
a  Moore f i l t e r  b e f o r e  i t  w en t t o  a  b u b b le  cham ber c o n ­
s i s t i n g  o f  d i s t i l l e d  w a t e r .  P r e s s u r e  was r e g u la t e d  w ith  
th e  u s e  o f  a  N u llm a t ic  p r e s s u r e  r e g u l a t o r .
A few  m o d i f i c a t i o n s  w ere made on  t h e  eq u ip m en t  
d e s c r ib e d  by I s a a c s  e t  a l  ( 1 9 7 1 ) .  W hile  t h e y  u sed  g a u g e s  
t o  m easu re  u p str ea m  and dow nstream  p r e s s u r e s ,  m anom eters
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F ig u r e  2 .  V iew  o f  th e  a p p a r a tu s  f o r  m e a su r in g  
g a s  p e r m e a b i l i t y .  A, c o r e  b a r r e l*
B, m anom eters* C, B u b b le -o -m e te r *
D, g a s  c y l in d e r *  E , s l e e v e - p r e s s u r e  
g a u g e .
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w ere  u s e d  f o r  su c h  m ea su rem en ts  i n  t h i s  s t u d y ,  b e c a u s e  
p r e s s u r e  g a u g e s  w ere  fo u n d  t o  be l e s s  a c c u r a t e  and l e s s  
s e n s i t i v e  t o  s m a l l  c h a n g e s  in  p r e s s u r e .  A m er c u r y  manom­
e t e r  w as f i t t e d  on  th e  u p str e a m  en d  o f  th e  c o r e  h o ld e r  
t o  m ea su re  u p str e a m  p r e s s u r e  and a n o th e r  m anom eter w as 
a t t a c h e d  on  b o th  e n d s  o f  t h e  c o r e  b a r r e l  t o  m ea su re  
p r e s s u r e  g r a d i e n t .  D ow nstream  p r e s s u r e  w as t a k e n  a s  t h e  
d i f f e r e n c e  b e tw e e n  t h e  u p str e a m  p r e s s u r e  and  t h e  p r e s ­
s u r e  g r a d i e n t .  E i t h e r  a  m ercu ry  o r  w a te r  m anom eter w as 
u s e d  f o r  t h e  p r e s s u r e  d rop  d e t e r m in a t io n s  d e p e n d in g  
upon t h e  p e r m e a b i l i t y  o f  t h e  s p e c im e n s .  F low  r a t e  w as 
m ea su red  w ith  B u b b le - o - M e t e r s ^ /  f i t t e d  a t  t h e  o u t - f l o w  
e n d . S e v e r a l  s i z e s  o f  b u r e t s  w ere  u s e d  f o r  v a r io u s  f lo w  
r a t e s  t o  o b t a in  m ore a c c u r a t e  m e a s u r e m e n ts .
R e l a t i v e  p e r m e a b i l i t y  m ea su r em e n t. —  M easu rem en t 
o f  r e l a t i v e  p e r m e a b i l i t y  t o  w a te r  and n i t r o g e n  g a s  w as  
done w i t h  an  a p p a r a tu s  s i m i l a r  t o  on e  d e s c r i b e d  b y  
T e so r o  e t  a l  (1 9 7 2 )  a s  i l l u s t r a t e d  in  F ig u r e  3 .  I t  m akes 
u s e  o f  a  c o r e  b a r r e l  made from  t h r e e  s e g m e n ts  o f  c o p p e r  
c y l i n d e r  w h ose d ia m e te r  i s  s l i g h t l y  l a r g e r  th a n  th e  
s p e c im e n . E ach c y l i n d e r  i s  a l s o  e q u ip p e d  w i t h  a  r u b b e r  
s l e e v e  t o  w h ic h  a  l i q u i d  p r e s s u r e  i s  a p p l i e d  t o  p r o d u c e  
a  t i g h t  s e a l  on t h e  s u r f a c e s  o f  t h e  s p e c im e n . On e a ch
-2/T h e y  c o n s i s t e d  o f  b u r e t s  o f  d i f f e r e n t  s i z e s .
The r a t e  a  so a p  b u b b le  m oved th r o u g h  th e  b u r e t  w as  
t a k e n  a s  t h e  f lo w  r a t e  o f  th e  g a s .
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F ig u r e  3 .  V iew  o f  t h e  a p p a r a tu s  f o r  m e a su r in g  
r e l a t i v e  p e r m e a b i l i t y .  A* c o r e  
b a r r e l*  B # p r e s s u r e  tr a n s d u c e r s *
C, M eter  R e a d -o u ts*  D, p o s i t i v e  
d is p la c e m e n t  pump* E , M i l l ip o r e  
f i l t e r *  F , f lo w m e te r s *  G, B u b b le -  
o -M e te r s*  Ht g a s  c y l i n d e r .
5^
en d  o f  t h e  m id d le  c y l i n d e r  i s  a  p i e z o m e t e r  r i n g  c o n ­
n e c t e d  t o  a  S ta th a m  UC3 p r e s s u r e  t r a n s d u c e r  e q u ip p e d  
w i t h  a p r e s s u r e  d ia p h r a m . The t r a n s d u c e r s  a r e  i n  tu r n  
c o n n e c te d  t o  a  S ta th a m  M e te r  R e a d - o u t .
L iq u id  w a s s i m i l a r l y  s u p p l i e d  t o  t h e  s p e c im e n  b y  
a  c o n s t a n t  r a t e  p o s i t i v e  d i s p la c e m e n t  pump u s e d  in  t h e  
s p e c i f i c  p e r m e a b i l i t y  m e a s u r e m e n ts . G a s, from  a  c y l i n ­
d e r ,  w as s u p p l i e d  a t  a  c o n s t a n t  r a t e  e v e n  a t  v a r i a b l e  
p r e s s u r e s .  The a p p a r a t u s  f o r  d o in g  t h i s  i s  i l l u s t r a t e d  
i n  F ig u r e  T he n i t r o g e n  g a s  w as made t o  p a s s  th r o u g h  
a  h u m id i f y in g  ch am b er c o n s i s t i n g  o f  a  c y l i n d e r  o f  d i s ­
t i l l e d  w a te r  t o  p r e c lu d e  t h e  d r y in g  o f  t h e  s p e c im e n .  
V olum e f l o w  w as c o n t r o l l e d  b y  n e e d l e  v a l v e s  and a  d i f ­
f e r e n t i a l  f l o w  c o n t r o l l e r .  The r a t e  o f  n i t r o g e n  g a s  w a s  
m e a su r e d  w i t h  a  B u b b le - o - M e te r  a t t a c h e d  t o  t h e  down­
s tr e a m  en d  o f  t h e  s p e c im e n .
C a p i l l a r y  p r e s s u r e  m e a s u r e m e n t . —  The e q u ip m e n t  
u s e d  f o r  m e a s u r in g  c a p i l l a r y  p r e s s u r e  w as a  r e f r i g e r a t e d  
I n t e r n a t i o n a l  M odel P R -2 c e n t r i f u g e .  R e f r i g e r a t i o n  w as  
a n  e s s e n t i a l  f e a t u r e  i n  o r d e r  t o  m in im iz e  m o is t u r e  l o s s  
fro m  e v a p o r a t i o n .  T he s p e e d  w as d e te r m in e d  w i t h  a  T a c h -  
l i t e  M odel 8 3 2  t a c h o m e t e r  b u t  i n s t e a d  o f  t h e  s t r o b o ­
s c o p e  t h a t  t h e  c e n t r i f u g e  w as s u p p l i e d  w i t h ,  a  p h o t o ­
t u b e  a s s e m b ly  w as f i t t e d  a g a i n s t  t h e  c e n t r i f u g e  h e a d  f o r  
s p e e d  m e a s u r e m e n ts . L ig h t  w as a d m it t e d  t o  t h e  p h o t o - t u b e
(7)  P r e ssu r e
P r e ssu r e
Gauge To Core 
B a r r e lD i f f e r e n t i a lFlow
C o n t r o l le r
P r e ssu r e
Gauge
A ir
F i l t e r
Gas
F low m eters
H u m id ify in g
Chambers
F ig u re  4 .  Diagram  o f  a p p a ra tu s  f o r  c o n t r o l l in g  th e  f lo w  r a te  o f  ga s  
a t  f l u c t u a t i n g  p r e s s u r e s .
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by m a sk in g  th e  c e n t r i f u g e  h ea d  w ith  a b la c k  ta p e  l e a v ­
in g  a  gap  o f  a b o u t 1 .5  i n c h e s .  F or ea ch  r e v o l u t i o n  o f  
th e  h ead  th e  l i g h t  w as r e f l e c t e d  from  t h e  gap  in  th e  
b la c k  ta p e  to  th e  p h o t o - t u b e .  The sp eed  w as a d ju s t e d  
w ith  a  r h e o s t a t .
M a t e r ia l s
P r e p a r a t io n * —  C o m m e r ic ia l s p e c i e s  a v a i l a b l e  
l o c a l l y  w ere  u se d  i n  t h i s  e x p e r im e n t . The s p e c i e s  s e ­
l e c t e d  r e p r e s e n t e d  a  w id e  v a r i a t i o n  in  p e r m e a b i l i t y  a s  
i n d ic a t e d  b y  p r e v io u s  s t u d i e s  (C hoong and F ogg  1 9 7 2 ,  
Choong e t  a l  1 9 7 2 ) .  The h ardw oods w ere r e p r e s e n t e d  b y  
n in e  s p e c i e s j  f o u r  r in g - p o r o u s ,  th r e e  d i f f u s e - p o r o u s  
and tw o s e m i-r in g - p o r o u s  w o o d s . The c l a s s i f i c a t i o n  o f  
th e  p o r e  ty p e  o f  th e  s p e c i e s  w as ta k e n  from  P a n sh in  and  
deZeeuw ( 1 9 6 ^ ) .  T h ree  s p e c i e s  r e p r e s e n t e d  t h e  s o f t w o o d s .
The fo u r  r in g - p o r o u s  s p e c i e s  w ere* b la c k  l o c u s t  
( R o b in ia  p s e u d o a c a c ia  L . ) ,  A m erican  elm  ( Ulmus a m er ica n a  
L . ) ,  w h it e  oak  ( Q u ercu s s p p . )  and h a c k b e r r y  ( C e l t i s  
o c c i d e n t a l i s  L . ) *  th e  d i f f u s e - p o r o u s  s p e c i e s  w ere*  
sycam ore  ( P la t a n u s  o c c i d e n t a l i s  L . ) ,  sw eetgum  (L iq u id am -  
b a r  s t y r a c i f l u a  L .)  and s o f t  m aple (A c er  s p p . ) *  w h i le  
th e  s e m i-r in g - p o r o u s  s p e c i e s  w ere* b la c k  w i l lo w  ( S a l i x  
n ig r a  M a r sh .)  and c o tto n w o o d . The s o f tw o o d s  w ere r e p r e ­
s e n t e d  b y  red w ood , s o u th e r n  p in e  ( P in u s  s p p . )  and b a l d -
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c y p r e s s  f Taxodium  d is t ic h u m  ( L . )  R i c h . ]
M ost o f  th e  sp e c im e n s  w ere o b ta in e d  from  f r e s h l y  
c u t  t r e e s  from  P la q u e m in e s  Hardwood Lumber C o. in  
P la q u e m in e s , L o u is ia n a .  The s o u th e r n  p in e  w as o b ta in e d  
a t  a  l o c a l  s a w m il l .  The redw ood sp e c im e n s  w ere  p a r t  o f  
a  c o l l e c t i o n  s e n t  in  f r o z e n  c o n d i t i o n  b y  t h e  A r e a ta  
Redwood Company i n  C a l i f o r n i a .
One 2 - in c h  t h i c k  d i s c  w as o b ta in e d  from  e a ch  t r e e  
r e p r e s e n t i n g  th e  v a r io u s  s p e c i e s .  O nly  d i s c s  w ith  c e n ­
t r a l l y  l o c a t e d  p i t h  w ere  s e l e c t e d .  As so o n  a s  th e  d i s c s  
w ere  c u t ,  t h e y  w ere  p la c e d  in  p o ly e t h y le n e  b a g s t o  p r e ­
v e n t  r a p id  e v a p o r a t io n .  S p ec im en  p r e p a r a t io n  was 
s t a r t e d  th e  d ay  a f t e r  t h e  d i s c s  w ere  c o l l e c t e d  and i t  
l a s t e d  f o r  a b o u t 5 d a y s .  P l u g - s i z e  sp e c im e n s  a b o u t  
7/ 8 - i n c h  in  d ia m e te r  w ere  c u t  in  th e  l o n g i t u d i n a l  
d i r e c t i o n  w ith  th e  u s e  o f  p l u g - c u t t e r B . T hey w ere  
o b t a in e d  from  b o th  t h e  sapw ood and th e  h e a r tw o o d . The 
c u t t i n g  p a t t e r n  i s  i l l u s t r a t e d  i n  F ig u r e  5*
S p ec im en s f o r  r e l a t i v e  p e r m e a b i l i t y ,  c a p i l l a r y  
p r e s s u r e  and t r e a t a b i l i t y  w it h  c r e o s o t e  w ere  t a n g e n t -  
i a l l y  m atch ed  b u t  w ere  c u t  a t  e q u a l d i s t a n c e s  from  th e  
b a r k . The c o r r e s p o n d in g  h ea rtw o o d  sp e c im e n s  w ere c u t  a t  
e q u a l d i s t a n c e s  from  t h e  p i t h  b u t a lo n g  t h e  same r a d i i  
a s  t h e  sapw ood s p e c im e n s .  From e a c h  d i s c ,  Zk p lu g s  a b o u t  
2 in c h e s  l o n g ,  12 o f  w h ich  w ere sapw ood and 12  h e a r tw o o d ,
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F ig u r e  5 .  C u t t in g  sch em e i n  t h e  p r e p a r a t io n  o f  
s p e c im e n s .  S a m p les  f o r  p e r m e a b i l i t y  
m e a s u r e m e n ts , c a p i l l a r y  p r e s s u r e  m ea­
s u r e m e n ts  and  c r e o s o t e  t r e a tm e n t  w ere  
t a n g e n t i a l l y  m a tc h e d .
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w ere  p r e p a r e d . E i g h t  o f  t h e  2k  p lu g s  ( f o u r  sapw ood  and 
f o u r  h e a r tw o o d )  w e re  f o r  r e l a t i v e  p e r m e a b i l i t y - s p e c i f i c  
p e r m e a b i l i t y  m ea su rem en ts*  e i g h t  f o r  c a p i l l a r y  p r e s s u r e  
m ea su r em e n ts  and  t h e  o t h e r  e i g h t  f o r  c o r r e l a t i o n  o f  p e r ­
m e a b i l i t y  w ith  c r e o s o t e  t r e a t a b i l i t y .  The p lu g s  w ore  
l a b e l l e d  a c c o r d in g  t o  s p e c i e s ,  wood t y p e ,  t r e a t m e n t  and  
u n i t  num ber.
The p lu g s  f o r  r e l a t i v e  p e r m e a b i l i t y  m ea su rem en ts  
w ere  c u t  in t o  t h r e e  s e c t i o n s ,  w ith  t h e  c e n t r a l  p o r t i o n  
a b o u t  1 . 2  in c h e s  l o n g  and t h e  o t h e r  tw o  a b o u t 0 . 6  in c h .  
One o f  t h e  s h o r t e r  s e c t i o n s  s e r v e d  a s  a  p r e -m ix e r  p i e c e ,  
t o  m ix  th e  f l u i d s  b e f o r e  t h e y  e n t e r e d  t h e  t e s t  s p e c im e n .  
The o t h e r  s e r v e d  a s  e n d - o r  b o u n d a r y - e f f e c t  p i e c e ,  t o  
m a in t a in  c a p i l l a r y  c o n t i n u i t y  and t o  e l i m i n a t e  s a t u r a ­
t i o n  g r a d ie n t  a t  t h e  o u t f l o w  end o f  t h e  sp ec im en *  C a p i l ­
l a r y  p r e s s u r e  and  c r e o s o t e  t r e a t a b i l i t y  s p e c im e n s  w ere  
c u t  t o  a b o u t 1 . 2  in c h e s  l o n g ,  b u t  t h e  fo r m e r  w as p r o ­
v id e d  w i t h  an e n d - e f f e c t  p i e c e  o f  a b o u t  0 . 2  in c h  t h i c k .  
The e n d s  o f  t h e  sp e c im e n s  an d  e n d - e f f e c t  p i e c e s  w e re  
trim m ed  w ith  a  s c a l p e r  b l a d e  t o  rem ove f i b e r s  s e v e r e d  
b y  s a w in g  and t o  e x p o se  t h e  p o r e s  o f  t h e  s p e c im e n s .
C o n d i t io n in g  o f  m a t e r i a l s . —  T he r e l a t i v e  p erm e­
a b i l i t y  and c a p i l l a r y  p r e s s u r e  s p e c im e n s  w ere f i r s t  
f u l l y  s a t u r a t e d  w i t h  w a t e r .  To e l i m i n a t e  th e  e f f e c t  o f  
a i r  b lo c k a g e  on  f l u i d  m ovem ent th r o u g h  p o r o u s  m e d ia
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(K e ls o  e t  a l  1 9 6 3 )* th e  sp e c im e n s  w ere  s a t u r a t e d  in  a  
manner s i m i l a r  t o  t h a t  d e s c r ib e d  by C hoong and K im b ler  
( 1 9 7 1 ) *  The sp e c im e n s  w ere e v a c u a te d  f o r  a t  l e a s t  one  
h o u r . T h is  was f o l lo w e d  b y  im p r e g n a t in g  c a r b o n  d io x id e  
f o r  one h o u r  to  r e p la c e  t h e  a i r  in  t h e  w ood . A s u b s e ­
q u en t vacuum  was p u l l e d  on t h e  sp e c im e n s  f o r  a n o th e r  
h o u r  th e n  d e - a e r a t e d  w a te r  w as in tr o d u c e d  in t o  t h e  c y l ­
in d e r  c o n t a i n i n g  t h e  s p e c im e n s .  The p u r p o se  o f  i n j e c t ­
in g  c a r b o n  d io x id e  wae t o  r e p la c e  th e  a i r  in  t h e  s p e c i ­
m en s. S in c e  ca rb o n  d io x id e  d i s s o l v e s  r e a d i l y  i n  w a te r ,  
i t  w ou ld  b e  e a s i e r  t o  f l u s h  i t  o u t  o f  t h e  sp e c im e n  th a n  
i t  w ould  be w ith  a i r .  To e n s u r e  t h a t  a l l  th e  a i r  i n  th e  
sp e c im e n s  w as r em o v ed , th e y  w ere  f u r t h e r  im m ersed in  
d e - a e r a t e d  w a te r  and s u b j e c t e d  t o  o s c i l l a t i n g  vacuum -  
p r e s s u r e  tr e a tm e n t  u n t i l  no m ore a i r  b u b b le s  w ere  d e ­
t e c t e d  co m in g  o u t  o f  t h e  s p e c im e n s .
D e - a e r a t io n  o f  w a te r  w as a c c o m p lis h e d  b y  s u b j e c t ­
in g  a  co lu m n  o f  f r e s h l y  d i s t i l l e d  w a te r  u n der vacuum  t o  
a  p r o p e r ly  a p p l ie d  m e c h a n ic a l  sh o c k  w ith  th e  u s e  o f  a  
m e ta l hammer u n t i l  t h e  am ount o f  a i r  n u c l e i  w as r e d u c e d  
t o  a  minimum. D u r in g  f lo w  m e a su r e m e n ts , t h e  w a te r  w as 
f i r s t  p a s s e d  th r o u g h  a  50 m i l l im ic r o n  M i l l ip o r e  f i l t e r  
t o  rem ove a n y  r e m a in in g  a i r  n u c l e i  a s  w e l l  a s  p a r t i c u ­
l a t e  m a t t e r  t h a t  m ig h t  e n t e r  t h e  s p e c im e n .
A f t e r  d e te r m in in g  t h e  s p e c i f i c  p e r m e a b i l i t y  o f  th e
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r e l a t i v e  p e r m e a b i l i t y  s p e c im e n s , t h e y  w ere  c o n d i t io n e d  
u n d er  v e r y  s lo w  d r y in g  r a t e  in  a  c o n t r o l l e d  h u m id ity  
cham ber t o  a v o id  d r y in g  d e f e c t s  and t o  g e t  a  u n ifo r m  
d i s t r i b u t i o n  o f  m o is t u r e • The r e l a t i v e  h u m id ity  d u r in g  
t h e  e a r l y  s t a g e s  o f  d r y in g  was m a in ta in e d  a t  a b o u t 98  
p e r c e n t .  When t h e  m o is tu r e  c o n t e n t  o f  t h e  sp e c im e n s  
r e a c h e d  50  p e r c e n t ,  t h e  r e l a t i v e  h u m id ity  o f  t h e  cham ­
b e r  was r e d u c e d  t o  a b o u t 86 p e r c e n t .  A t around  3 5  p e r ­
c e n t  m o is tu r e  c o n t e n t  th e  sp e c im e n s  w ere  p la c e d  o v e r  
c a lc iu m  s u l f a t e  s o l u t i o n  in  a  d e s i c c a t o r  (n o m in a l 9 5  
p e r c e n t  r e l a t i v e  h u m id ity  a t  room  te m p e r a tu r e )  t o  d ry  
them  t o  s l i g h t l y  b e lo w  th e  f i b e r  s a t u r a t i o n  p o i n t .  The 
d e s i c c a t o r  w as f i t t e d  w ith  a  v a r ia b le  Bpeed f a n  t o  c i r ­
c u l a t e  th e  m o is tu r e  i n s i d e .  When t h e  sa m p le s  a t t a i n e d  
c o n s t a n t  w e ig h t ,  t h e  s a l t  s o l u t i o n  in  t h e  d e s i c c a t o r  
w as r e p la c e d  w ith  d i s t i l l e d  w a te r  t o  a l lo w  th e  sa m p le s  
t o  a t t a i n  f i b e r  s a t u r a t i o n .
In  o r d e r  t o  m o n ito r  t h e  m o is tu r e  c o n t e n t  o f  th e  
sp e c im e n s  d u r in g  th e  v a r io u s  s t a g e s  o f  d r y in g ,  r e f e r e n c e  
sa m p le s  f o r  e a c h  s p e c i e s  o f  b o th  sapw ood  and h ea r tw o o d  
w ere  h a n d le d  s i m i l a r l y .  The sp e c im e n s  w h ic h  w ere  u sed  
f o r  c o r r e l a t i o n  b e tw e e n  p e r m e a b i l i t y  and  c r e o s o t e  t r e a t ­
a b i l i t y  w ere  d r ie d  s i m i l a r l y  w ith o u t  f i r s t  d e te r m in in g  
t h e i r  s p e c i f i c  p e r m e a b i l i t y .
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M ethods
The o r i g i n a l  p la n  f o r  c o n d u c t in g  t h i s  i n v e s t i g a ­
t i o n  w ith  r e g a r d  t o  r e l a t i v e  p e r m e a b i l i t y  m easurem enta  
c a l l e d  f o r  t h e  d e t e r m in a t io n  and c o n s t r u c t i o n  o f  r e l a ­
t i v e  p e r m e a b i l i t y  c u r v e s  b a s e d  on f lo w  m ea su rem en ts b y  
t h e  d r a in a g e  m eth o d . T h is  m ethod r e q u ir e d  t h e  r e d u c t io n  
o f  th e  m o is tu r e  o f  th e  wood b y  p a s s i n g  an in c r e a s i n g  
am ount o f  g a s  w ith  a  c o r r e s p o n d in g  d e c r e a s e  in  t h e  r a t e  
o f  th e  w a te r  th r o u g h  t h e  s p e c im e n . P r e l im in a r y  r e s u l t s  
w it h  t h i s  t e c h n iq u e  in d ic a t e d  t h a t  t h e  m o is tu r e  c o n t e n t  
o f  t h e  sp e c im e n s  c o u ld  n o t  b e  r e d u c e d  a p p r e c ia b ly  and  
t h a t  t h e  r e s i d u a l  m o is tu r e  a f t e r  p a s s i n g  o n ly  g a s  
th r o u g h  t h e  sp e c im e n s  w as w e l l  ab o v e  t h e  m o is tu r e  c o n ­
t e n t  o f  wood w h ich  i s  g e n e r a l l y  s u b j e c t e d  t o  p r e s e r v a ­
t i v e  t r e a t m e n t .  S in c e  on e  o f  th e  o b j e c t i v e s  o f  t h i s  
s t u d y  w as t o  i n v e s t i g a t e  i f  a  good  c o r r e l a t i o n  e x i s t s  
b e tw e e n  e f f e c t i v e  p e r m e a b i l i t y  a t  th e  en d  o f  t h e  r e l a ­
t i v e  p e r m e a b i l i t y  ru n  and t h e  t r e a t a b i l i t y  o f  w ood , i t  
becam e im p e r a t iv e  t o  do an  im b i b i t i o n - t y p e  r e l a t i v e  
p e r m e a b i l i t y  m easu rem en t w ith  th e  sp e c im e n s  i n i t i a l l y  
a t  a b o u t f i b e r  s a t u r a t i o n  p o i n t .  Two s p e c i e s ,  h o w ev e r , 
w ere m easu red  f o r  r e l a t i v e  p e r m e a b i l i t y  u s i n g  th e  d r a in ­
a g e  m eth o d .
F low  m e a su r e m e n ts . —  A f t e r  t h e  sp e c im e n s  w ere  
s a t u r a t e d  w ith  d e - a e r a t e d  w a te r  a s  p r e v i o u s l y  o u t l i n e d ,
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t h e i r  s p e c i f i c  p e r m e a b i l i t i e s  w ere  d e te r m in e d *  D u r in g  
t h i s  m ea su rem en t, t h e  s m a l le r  c a p a c i t y  r e s e r v o i r  b a r r e l  
o f  th e  pump w as u sed *  The sp e c im e n s  w ere  th e n  d r ie d  t o  
a b o u t th e  f i b e r  s a t u r a t i o n  p o i n t ,  a f t e r  w h ic h  t h e i r  
p e r m e a b i l i t i e s  t o  h u m id if ie d  n i t r o g e n  g a s  w ere  m easured*  
The mean g a s  p r e s s u r e  u se d  in  t h e s e  m ea su rem en ts w as 
1*2  atm* The u p str ea m  p r e s s u r e  and p r e s s u r e  d rop  f o r  
e a c h  sp e c im e n  w ere  a d j u s t e d  t o  a t t a i n  t h i s  mean p r e s ­
su re *  Gas p e r m e a b i l i t y  m easu rem en ts a t  v e r y  lo w  p r e s ­
s u r e  d r o p s  and a t  f o u r  d i f f e r e n t  mean p r e s s u r e s  w ere  
m ade. T h ese  p e r m e a b i l i t i e s  w ere p l o t t e d  a g a i n s t  th e  
r e c i p r o c a l  o f  t h e  mean p r e s s u r e  and e x t r a p o la t e d  t o  
i n f i n i t e  p r e j s u r e  t o  c o r r e c t  f o r  s l i p - f l o w  e f f e c t .
F low  m ea su rem en ts f o r  r e l a t i v e  p e r m e a b i l i t y  d e t e r ­
m in a t io n s  w ere  made on  w a te r -g a s  c o m b in a t io n  o f  m o b ile  
p h a se s*  The c o r e  b a r r e l  and t e s t  sp e c im e n  a rra n g em en t  
a s  w e l l  a s  t h e  p o s i t i o n s  o f  th e  p r e -m ix e r  and e n d - e f -  
f e c t  p i e c e s  a r e  i l l u s t r a t e d  in  F ig u r e  6 . The t e s t  p lu g ,  
h e ld  b e tw e e n  t h e  p r e -m ix e r  and e n d - e f f e c t  p i e c e s  and  
s e p a r a te d  b y  t i s s u e  p a p e r , w as p o s i t i o n e d  i n  th e  c o r e  
b a r r e l  w ith  t h e  p r e -m ix e r  n e x t  t o  a  L u c i t e  i n l e t  p ie c e *  
C are w as ta k e n  t o  p o s i t i o n  th e  t e s t  sp e c im e n  s o  t h a t  i t  
s t r a d d le d  t h e  tw o p ie z o m e t r ic  r i n g s  t o  w h ic h  th e  p r e s ­
s u r e  t r a n s d u c e r s  w ere  a t ta c h e d *
A f t e r  th e  t e s t  sp e c im e n  w as p o s i t i o n e d ,  a  L u c i t e
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O u tle t
F ig u re  6 . R e la t iv e  p e r m e a b i l i t y  c o r e - c e l l .  A. v/ood specim en* B, p r e -m ix e r  
p ie c e *  C, e n d - e f f e c t  p ie c e *  D» t i s s u e  paper* E , L u c ite  i n l e t  
p ie c e *  F f L u c ite  e n d -p ie c e *  G, p ie z o m e te r  r i n g s .
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o u t l e t  p i e c e  w as c la m p ed  on  th e  o u t f lo w  e n d . H y d r o s t a t ic  
p r e s s u r e  o f  50 p s i  w as a p p l ie d  on  t h e  r u b b e r  s l e e v e  o f  
th e  c o r e  h o ld e r  t o  e n s u r e  a  t i g h t  and u n ifo r m  s e a l  on  
th e  sam p le  and  L u c i t e  p i e c e s .
M easu rem en ts t o  d e te r m in e  r e l a t i v e  p e r m e a b i l i t y  
b y  th e  im b ib i t io n  m ethod w ere  made b y  i n i t i a l l y  f lo w in g  
a  h ig h  r a t e  o f  g a s  an d , a t  th e  same t im e ,  f lo w in g  w a te r  
a t  a  lo w  r a t e .  S u b se q u e n t m easu rem en ts w ere  made b y  
g r a d u a l ly  d e c r e a s in g  th e  amount o f  f lo w  o f  g a s  and by  
in c r e a s i n g  t h e r a t e  o f  w a te r  u n t i l  o n ly  w a te r  w as f lo w ­
i n g .  The f lo w  r a t e  o f  g a s  and l i q u i d  was a d j u s t e d  so  
t h a t  t h e i r  com b in ed  r a t e  w as a b o u t e q u a l  t o  t h e  r a t e  
o f  f lo w  o f  w a te r  d u r in g  th e  s p e c i f i c  p e r m e a b i l i t y  
m ea su r em e n ts . I n  m ost c a s e s ,  h o w ev e r , t h e  com b in ed  g a s  
and w a te r  r a t e  w as lo w e r .
A f t e r  f l o w  c o n d i t i o n s  had e q u i l i b r a t e d  a t  each  
f lo w  r a t e  t h e  p r e s s u r e  drop  w as r e c o r d e d  and t h e  d i s ­
ta n c e  b e tw e e n  th e  p ie z o m e te r  r i n g s  w as m e a su r e d . Then  
t h e  sp e c im e n  w as rem oved from  th e  c o r e  b a r r e l  and  
w e ig h e d . The ch a n g e  in  f r e e  w a te r  s a t u r a t i o n  o f  th e  
sp e c im e n  was d e te r m in e d  from  t h e  r a t i o  o f  t h e  in c r e a s e  
in  w e ig h t  o f  t h e  sp e c im e n  t o  i t s  w e ig h t  a t  a b o u t f i b e r  
s a t u r a t i o n  p o i n t .
A c u r s o r y  c o m p a r iso n  b e tw e e n  t h e  w a te r  p e r m e a b il­
i t i e s  o f  th e  sp e c im e n s  and t h e i r  g a s  p e r m e a b i l i t i e s
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a t  mean p r e s s u r e  o f  1 . 2  atm  r e v e a le d  a  much h ig h e r  g a s  
p e r m e a b i l i t y .  A lth o u g h  t h i s  w as e x p e c t e d ,  i t  w as n o t  in  
t h e  m agn itu d e  n o t e d .  I t  w as a p p a r e n t t h a t  o t h e r  phenom ­
e n a  c o u ld  have c a u s e d  t h i s  d i s c r e p a n c y .  T h e r e fo r e ,  i t  
w as d e c id e d  t o  r e - s a t u r a t e  t h e  s p e c im e n s  and t o  r e - d e ­
te r m in e  t h e i r  p e r m e a b i l i t y  t o  w a te r .  O n ly  th e  hardw ood  
s p e c im e n s  w ere r e - s a t u r a t e d  s i n c e  m ic r o s c o p ic  ex a m in a ­
t i o n  o f  some d r ie d  b a ld c y p r e s s  s p e c im e n s  show ed c o n s i d ­
e r a b le  p i t  a s p i r a t i o n  a s  com pared w it h  u n d r ie d  s p e c i ­
m en s. R e - s a t u r a t in g  th e  s o f tw o o d  sp e c im e n s  w ou ld  n o t  
d e - a s p i r a t e  th em , t h e r e f o r e ,  an y  l i q u i d  p e r m e a b i l i t y  
m easu rem en ts done on  them  w o u ld  be m e a n in g le s s .  The 
h ig h e r  c a p a c i t y  r e s e r v o i r  o f  t h e  pump w as u sed  in  th e  
s e c o n d  m easurem ent o f  p e r m e a b i l i t y  t o  w a te r .
The s p e c i f i c  g r a v i t y  o f  th e  e n d - e f f e c t  p i e c e s  o f  
t h e  r e l a t i v e  p e r m e a b i l i t y  s p e c im e n s  w as d e te r m in e d .  
Volume m easu rem en ts w ere made w ith  a  m ercu ry  v o lu m e te r .  
From th e  s p e c i f i c  g r a v i t y  v a l u e ,  th e  maximum m o is tu r e  
c o n t e n t  o f  ea ch  sp e c im e n  w as d e te r m in e d  b y  th e  u s e  o f  
t h e  f o l lo w in g  e q u a t io n !
MGmax = 100  ( 1 *5 ~ Gg >/ ( 1 *5 ° g ) ( 2 6 )
w h ere  Gg i s  th e  b a s i c  s p e c i f i c  g r a v i t y  and 1 . 5  i s  th e  
s p e c i f i c  g r a v i t y  o f  th e  c e l l  w a l l  s u b s t a n c e .  U s in g  th e
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d a ta  o f  maximum m o is tu r e  c o n t e n t  and th e  w e ig h t  o f  th e  
sp e c im e n s  a t  maximum s a t u r a t i o n ,  t h e i r  c o r r e s p o n d in g  
o v e n -d r y  w e ig h t s  w ere  c a l c u l a t e d ,  th e r e b y  th e  p e r c e n t ­
a g e  s a t u r a t i o n  n e e d e d  t o  p l o t  th e  r e l a t i v e  p e r m e a b i l i t y  
c u r v e s  c o u ld  be d e te r m in e d .
C a p i l l a r y  p r e s s u r e  m ea su rem en t, —  C a p i l l a r y  p r e s ­
s u r e s  a t  v a r io u s  m o is tu r e  c o n t e n t s  o f  wood w ere d e t e r ­
m ined u n d er  th e  c o n d i t io n  w here a i r  r e p l a c e s  w a te r  in  
th e  s p e c im e n . C a p i l l a r y  p r e s s u r e  m ea su rem en ts w ere made 
a t  v a r io u s  sp e e d  l e v e l s  w it h  th e  u s e  o f  a  r e f r i g e r a t e d  
c e n t r i f u g e  w hose te m p e r a tu r e  th r o u g h o u t  t h e  r u n s  w as 
m a in ta in e d  a t  1 0 °  + 1 °C , To e n su r e  t h a t  t h e  d i s p la c e d  
w a te r  w as d r a in e d  p r o p e r ly ,  a  s h o r t e r  p lu g  w as p la c e d  
a t  th e  o u t f lo w  end o f  t h e  sp e c im e n  s e p a r a te d  b y  a  t i s ­
su e  p a p e r .
The sp e c im e n s  w ere  s u b j e c t e d  t o  c o n s t a n t  r o t a ­
t i o n a l  s p e e d s .  O r i g i n a l l y ,  f i v e  l e v e l s  o f  s p e e d s  w ere  
c o n te m p la te d , i . e . ,  3 *0 0 0  6 , 8 7 5  1 0 ,7 5 0  1 4 ,6 2 5  and 1 8 ,5 0 0  
rpm, b u t  o n ly  th e  lo w e r  f o u r  l e v e l s  w ere  u s e d  b e c a u se  
th e  h i g h e s t  sp e e d  l e v e l  c o u ld  n o t  be r e a c h e d  w ith  th e  
c e n t r i f u g e  u s e d . The l e n g t h  o f  t im e  th e  sp e c im e n s  w ere  
h e ld  a t  a  g iv e n  s p e e d  d ep en d ed  upon th e  t im e  i t  to o k  
th e  sp e c im e n s  t o  r e a c h  e q u i l ib r iu m  w e ig h t .  The sp e c im e n s  
w ere c o n s id e r e d  t o  h a v e  a t t a i n e d  e q u i l ib r iu m  w e ig h t  when  
t h e i r  w e ig h t s  d id  n o t  ch a n g e  b y  more th a n  0 . 0 2  gm in  an
68
h o u r ’ s  run  a t  a  g iv e n  sp eed *  A f t e r  e q u i l ib r iu m  was 
r e a c h e d  a t  e a ch  sp eed  s e t t i n g ,  th e  w e ig h t s  o f  th e  sam­
p l e s  w ere r e c o r d e d  f o r  m o is tu r e  c o n te n t  d e t e r m in a t io n s .  
C are was ta k e n  d u r in g  w e ig h in g  n o t  t o  u n d u ly  e x p o se  th e  
s p e c im e n s , t o  a v o id  v /e ig h t  l o s s  th ro u g h  e v a p o r a t io n .
The sp ec im en s  w ere a lw a y s  w e ig h ed  in  a  w e ig h in g  b o t t l e .
The p o s i t i o n  o f  th e  sp ec im en  in  t h e  c o r e  h o ld e r  
w as a l s o  m e t ic u lo u s ly  n o te d  so  t h a t  one s i d e  o f  th e  
sp e c im e n  w as a lw a y s f a r t h e r  from  th e  c e n t e r  o f  r o t a t i o n  
and t h a t  one end was a lw a y s in  c o n t a c t  w ith  th e  e n d -  
e f f e c t  p i e c e .  A f t e r  e q u i l ib r iu m  a t  th e  l a s t  sp e e d  l e v e l  
w as a t t a in e d  and w e ig h ts  d e te r m in e d , th e  sp ec im en s  w ere  
c u t  l o n g i t u d i n a l l y  in  su ch  a  manner t h a t  th e  c u t  w ould  
ru n  p e r p e n d ic u la r  t o  a  l i n e  r a d i a t in g  from  th e  c e n t e r  
o f  r o t a t i o n  and p a s s in g  th ro u g h  th e  sp e c im e n . Then  
e a ch  h a l f  was s l i c e d  in t o  5 s e c t i o n s  o f  a b o u t 0 . 2*f in c h .  
T h is  was done t o  d e ter m in e  th e  m o is tu r e  d i s t r i b u t i o n  in  
th e  sp e c im e n . T h is  o p e r a t io n  to o k  ab ou t 10 t o  15  
m in u te s .  When t h e  sp e c im e n s  w ere n o t  b e in g  c u t ,  th e y  
w ere  k e p t in  t h e  c o r e  h o ld e r s  and c lo s e d  t i g h t l y .  O nly  
t h r e e  s p e c i e s  w ere m easu red , i . e . ,  sapw ood and h e a r t -  
wood o f  A m erican  e lm , sycam ore and b a ld c y p r e s s .
T r e a t a b i l i t y  m easu rem en t. —  B e fo r e  th e  sp ec im en s  
w ere  t r e a t e d ,  t h e y  w ere c o a te d  on th e  s i d e s  w ith  two  
c o a t s  o f  ep o x y  r e s i n .  T h e ir  en d s w ere ta p e d  w ith  m ask in g
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ta p e  t o  a v o id  m ig r a t io n  o f  t h e  g lu e  and c lo g g i n g  o f  th e  
p o r e  o p e n in g s  and a l s o  to  a v o id  m o is tu r e  l o s s  d u r in g  
th e  c o a t i n g  p e r io d .  When th e  r e s i n  had s e t ,  th e  t a p e s  
w ere san d ed  o f f  and th e  sp e c im e n s  w ere p la c e d  o v e r  
w a te r  in  d e s i c c a t o r s .  J u s t  p r i o r  t o  t r e a tm e n t  t h e i r  
w e ig h t s  w ere  o b t a in e d .
S a m p les on w h ich  r e l a t i v e  p e r m e a b i l i t y  was m ea­
su r e d  w ere  t r e a t e d  w ith  a  10 p e r c e n t  c o p p e r  s u l f a t e  
s o l u t i o n  a f t e r  t h e y  had b e e n  r e c o n d it io n e d  t o  a b o u t th e  
f i b e r  s a t u r a t i o n  p o i n t .  The sp e c im e n s  w ere  t r e a t e d  in  
a  c l o s e d  m e ta l  c y l i n d e r  p la c e d  i n  a  w a te r  b a th  a t  9 0 °F  
s o  t h a t  t h e  te m p e r a tu r e  and v i s c o s i t y  o f  t h e  f l u i d  w as 
more u n ifo r m ly  c o n t r o l l e d .  The t r e a t i n g  p r e s s u r e  w as  
p r o v id e d  from  a  n i t r o g e n  ta n k  c o n n e c te d  t o  a  N u llm a t ic  
p r e s s u r e  r e g u l a t o r .
P r e l im in a r y  t r e a tm e n t s  e m p lo y in g  t h e  Lowry p r o c e s s  
o f  p r e s s u r e  im p r e g n a t io n  w ere made t o  d e te r m in e  and  
e s t a b l i s h  t r e a t i n g  c o n d i t i o n s  t h a t  w ould  y i e l d  m easu r­
a b le  and co m p a ra b le  r e s u l t s .  T h is  p r o c e d u r e  w as n e c e s ­
s a r y  b e c a u s e  t h e  l e n g t h  o f  t h e  sp e c im e n s  w as B h ort  
w h ich  c o u ld  becom e a  c r i t i c a l  f a c t o r  in  m e a su r in g  th e  
d e p th  o f  p e n e t r a t i o n .  A l l  t h e  sp e c im e n s  w ere  t r e a t e d  
un der s i m i l a r  c o n d i t i o n s  o f  25  p s i  p r e s s u r e  f o r  a  d u r a ­
t i o n  o f  10 m in u te s .
P r e s e r v a t i v e  r e t e n t i o n  and d ep th  o f  p e n e t r a t io n
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w ere  th e  t r e a t a b i l i t y  p a r a m e te r s  u se d  in  c o r r e l a t i o n  
a n a ly s e s  w ith  p e r m e a b i l i t y .  R e t e n t io n  was o b ta in e d  from  
th e  d i f f e r e n c e  o f  th o  w e ig h t  o f  t h e  sp e c im e n  b e fo r e  and  
a f t e r  t r e a t m e n t ,  e x p r e s s e d  a s  a  r a t i o  o f  t h e  volum e o f  
t h e  sp e c im e n . R e te n t io n  w as e x p r e s s e d  in  p ou n d s p e r  
c u b ic  f o o t  ( l b / c u  f t )  f o l l o w i n g  th e  p r a c t i c e  o f  th e  
wood p r e s e r v in g  in d u s t r y .  D ep th  o f  p e n e t r a t i o n  was m ea­
s u r e d  a f t e r  s p l i t t i n g  th e  sp e c im e n s  l e n g t h w is e  im m edi­
a t e l y  a f t e r  w e ig h in g .  P e n e t r a t io n  w as ta k e n  a s  th e  a v e r ­
a g e  o f  th e  maximum and minimum d ep th  t o  w h ich  th e  p r e ­
s e r v a t i v e  p e n e t r a t e d  th e  s a m p le . S in c e  c o p p e r  s u l f a t e  
d o e s  n o t  im p a rt a  d i s c e r n i b l e  c o l o r  t o  th e  w ood , i t  
w as n e c e s s a r y  t o  sp r a y  i t  w i t h  a  r e a g e n t  w h ic h  c o n s i s t e d  
o f  0 . 5  gm chrom e a z u r o l  S and 5 °0  gm sod iu m  a c e t a t e  
d i s s o l v e d  in  100 gm o f  d i s t i l l e d  w a t e r .  The sp e c im e n s  
w ere  s p l i t  l e n g t h w is e  and t h e  r e a g e n t  was sp r a y e d  o v e r  
t h e  e x p o se d  s u r f a c e .  C opper r e a c t s  w ith  th e  r e a g e n t  and  
t u r n s  to  p u r p le .
The sp e c im e n s  f o r  c r e o s o t e  t r e a tm e n t  w ere  s i m i ­
l a r l y  d r ie d  t o  a b o u t th e  f i b e r  s a t u r a t i o n  p o i n t  and 
w ere  l i k e w i s e  c o a te d  w ith  e p o x y  r e s i n .  The t r e a t i n g  
c o n d i t i o n s  f o r  c r e o s o t e  w ere  25 p s i  p r e s s u r e  f o r  a  
d u r a t io n  o f  10  m in u te s , and t h e  te m p e r a tu r e  w as h e ld  a t  
1 6 0 ° P . R e t e n t io n  and d e p th  o f  p e n e t r a t io n  w e re  o b ta in e d  
in  a  manner s i m i l a r  t o  t h e  tr e a tm e n t  w ith  c o p p e r  s u l f a t e .
RESULTS AND DISCUSSION
P e r m e a b i l i t y  t o  w a te r
The p e r m e a b i l i t y  t o  w a te r  was m easu red  from  s a t u ­
r a te d  s p e c im e n s . T h ere w ere  two su ch  m easu rem en ts ta k e n  
on th e  hardw ood s a m p le s , one a t  n e v e r - d r i e d  c o n d i t io n  
and a n o th e r  a f t e r  r e - s a t u r a t i o n  from  a b o u t th e  f i b e r  
s a t u r a t i o n  p o i n t .  The s o f tw o o d s  w ere  n o t  r e - s a t u r a t e d  
b e c a u se  some sp e c im e n s  e x h i b i t e d  in c r e a s e d  p i t  a s p i r a ­
t i o n  a f t e r  d r y in g ,  c o n s e q u e n t ly  on r e - s a t u r a t i o n  th e  
p e r m e a b i l i t y  v a lu e  w ou ld  be d e c r e a s e d .  The p e r m e a b i l i t y  
o f  th e  s p e c im e n s  when s a t u r a t e d  from  n e v e r - d r ie d  c o n d i ­
t i o n  w as c a l l e d  kw l , and th e  p e r m e a b i l i t y  a f t e r  r e - s a t u -  
r a t i o n  from  t h e  d r ie d  c o n d i t i o n  was term ed  The mean
v a lu e s  o f  t h e  w a te r  p e r m e a b i l i t y  o f  th e  sapw ood and  
h ea rtw o o d  sp e c im e n s  f o r  e a c h  s p e c i e s  a r e  shown in  T a b le  
1 .
The m ethod o f  m e a su r in g  p e r m e a b i l i t y  i n  t h i s  B tud y  
h a s  b e e n  d e s c r ib e d  by C hoong and K im b ler  ( 1 9 7 1 ) .  I t  d i f ­
f e r e d  from  t e c h n iq u e s  u se d  b y  o t h e r  i n v e s t i g a t o r s  in  
t h a t  th e  f lo w  r a t e  w as h e ld  c o n s t a n t  b u t  th e  p r e s s u r e  
v a r ie d .  A s t e a d y - s t a t e  c o n d i t i o n  w as a t t a i n e d  when th e  
p r e s s u r e  rem a in ed  u n ch an ged  f o r  a  d e f i n i t e  p e r io d  o f  
t im e .  I n  m ost m ea su rem en ts , a  s t e a d y - s t a t e  c o n d i t io n  was
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T a b le  1 .  A v era g e  w a te r  p e r m e a b i l i t y  o f  th e  sapw ood and 
h ea r tw o o d  sp e c im e n s  b e f o r e  d r y in g  (kwi )  and  
a f t e r  d r y in g  and r e s a t u r a t i o n  (k W2 )
S p e c ie s
P e r m e a b i l i t y
*irl "S»2




5 .5 2 4 1
0 .0 4 9 8
D a rcy
2 6 .1 3 1 5
I . 6 6 9 I
A m erican  elm* 
Sapwood  
H eartw ood
4 .1 4 2 2
0 .6 8 4 6
1 4 .4 3 6 2
0 .8 2 3 2
W hite o a k 1
Sapwood
H eartw ood
0 .5 8 2 5
0 .0 0 0 4
4 .9 2 8 0 .
— a /




2 .1 3 9 7
13.2725




2 . 6 0 9 6
0 . 9 8 6 5
1 0 .4 6 7 7





4 .0 8 4 2
2 .7 1 1 4
2 .3 3 5 6
S o f t  m aple  1 
Sapwood  
H eartw ood
0 .0 0 5 1 0 . 2 9 7 3
B la c k  w i l l o w 1 
Sapwood  
H eartw ood
3 . 2 5 8 2
5 .8011
8 .4 3 2 9
4 .9 5 6 5
C o tto n w o o d 1 
Sapwood  
H eartw ood
3 -5 6 4 8
3 .1 4 2 8
4 .6 4 6 0





0 .0 8 0 7
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Table 1 (Continued)
P e r m e a b i l i t y
S p e c i e s K l \ t Z
D arcy D arcy
S o u th e r n  p in e t
Sapwood 1 . 2 0 9 1 —
H eartw ood 0 . 0 0 0 1 a
B a ld c y p r e s s i
Sapwood 0 .8 2 5 1 —
H eartw ood 0 . 0 0 7 0
Q /
- / No m ea su rem en ts m ade. H eartw ood  sp e c im e n s  o f  
s o f t  m aple c o l l a p s e d  d u r in g  d r y in g .
7 *
a t t a i n e d .  W ith v e r y  p erm ea b le  sp e c im e n s  th e  p r e s s u r e  was 
o b s e r v e d  t o  b e  u n ch an ged  w ith  t im e  w h ile  i n  th e  l e s s  
p e r m e a b le  s p e c im e n s  th e  p r e s s u r e  in c r e a s e d  f o r  a  p e r io d  
and th e n  r em a in e d  s t e a d y .  A p l o t  o f  th e  c h a n g e s  in  p r e s ­
s u r e  w ith  t im e  f o r  t h r e e  hardw ood sp e c im e n s  i s  shown in  
F ig u r e  7 .  The l e s s  p er m e a b le  sp e c im e n s  w ere  h e a r tw o o d .
In  t h e s e  sp e c im e n s  th e  p r e s s u r e  in c r e a s e d  w ith  t im e  d u r ­
in g  t h e  i n i t i a l  s t a g e s  o f  p e r m e a b i l i t y  m ea su r em e n ts , 
th e n  i t  e i t h e r  rem a in ed  s t e a d y  o r  f i r s t  d e c r e a s e d  b e f o r e  
b eco m in g  c o n s t a n t .  S im i la r  r e s u l t s  w ere r e c o r d e d  in  th e  
s o f tw o o d  s p e c im e n s .  The r e a s o n  f o r  th e  c h a n g e  in  f lo w  
r a t e  b e f o r e  i t  l e v e l e d  o f f  may b e  due t o  a i r  b lo c k a g e  
( K e ls o  e t  a l  196 3 ) in  v e r y  m in u te  f lo w  c h a n n e ls  o f  th e  
w ood . N a ra y a n a m u rti e t  a l  ( 1 9 5 1 )  r e c o r d e d  s i m i l a r  r e ­
s u l t s  w ith  I n d ia n  h a rd w o o d s. The i n i t i a l  d e c r e a s e  in  
f lo w  r a t e ,  w h ic h  i s  e q u iv a le n t  t o  an in c r e a s e  i n  p r e s ­
s u r e  in  t h i s  s t u d y ,  w as o b s e r v e d  b e f o r e  f lo w  becam e  
c o n s t a n t .  In  t h e  more p e r m e a b le  sapw ood sp e c im e n  shown  
in  F ig u r e  7» t h e  p r e s s u r e  a t  t h e  s t a r t  o f  m easurem ent 
d id  n o t  v a r y  w ith  t im e .  In  some c a s e s  t h e r e  w as an i n i ­
t i a l  d e c r e a s e  in  p r e s s u r e  b e f o r e  i t  becam e c o n s t a n t ,  
i n d i c a t i n g  t h a t  r e s i d u a l  a i r  i n s i d e  th e  wood w as p u sh ed  
o u t  u n t i l  no m ore c o u ld  be r em o v ed .
The p e r m e a b i l i t y  v a l u e s  o b ta in e d  a f t e r  v a r io u s  













A m erican elm  (H eartw ood) 
Flow  r a te  “ 1 .676  c c /m in  







<i*0 " o a '
-—O — O  • ~ ‘—— ’—— —O  O "
(KX)------O---- 0---------- 0-
-o  o 0---------0—0
B la ck  l o c u s t  (H eartw ood) 
Flow r a te  = 0 .8 0 5  c c /m in  
kw2 = 0 .2 1  D arcy
B la ck  l o c u s t  (Sapwood) 
Flow r a te  ~ 8 . 0A6 c c /m in  
^  -  2 8 .3 5  D arcys
_L
0 20 A0 60 80 100 120
T I M E  (m in)
F ig u re  ? .  R e la t io n s h ip  b etw een  p r e s s u r e  and tim e  d u r in g  s p e c i f i c  
p e r m e a b i l i t y  m easurem ent w ith  w a te r  under c o n s ta n t  f lo w .
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a n a l y s i s  o f  v a r ia n c e  (T a b le  2) i n d i c a t e s  t h a t  t h e  v a lu e s  
a f t e r  d r y in g  and r e - s a t u r a t i o n  w ere s i g n i f i c a n t l y  h ig h e r  
th a n  b e f o r e  d r y in g .  I n  some in s t a n c e s  th e  in c r e a s e  was 
d r a m a t ic .  The lo w  p e r m e a b i l i t y  sp e c im e n s  in c r e a s e d  in  
p e r m e a b i l i t y  a b o u t $0 t im e s*  w h i le  th e  m ore p erm ea b le  
o n e s  in c r e a s e d  by tw o t o  t e n  f o l d .  A few  sp e c im e n s*  how­
e v e r ,  d id  n o t  show an y  m arked in c r e a s e  a t  a l l *
In  some i n s t a n c e s  th e  i n c r e a s e  may be a t t r i b u t e d  
t o  t h e  r em o v a l o f  e x t r a c t i v e s  a s  in  th e  c a s e  w it h  th e  
b la c k  l o c u s t  h ea r tw o o d  s p e c im e n s . D u r in g  p e r m e a b i l i t y  
m ea su rem en t, th e  w a te r  t h a t  f lo w e d  o u t  o f  t h e s e  s p e c i ­
m ens had a t i n t  o f  y e l lo w  c o l o r i n g ,  s i g n i f y i n g  t h a t  
some e x tr a n e o u s  m a t e r i a l s  w ere  b e in g  c a r r ie d  o u t  o f  th e  
w ood . I t  i s  a l s o  q u i t e  p o s s i b l e  t h a t  th e  sp e c im e n s  may 
n o t  h a v e  b e e n  c o m p le t e ly  s a t u r a t e d .  F r e s h ly  c u t  wood i s  
n o t  f u l l y  s a t u r a t e d  b u t  c o n t a in s  a i r  p o c k e t s ,  e s p e c i a l l y  
in  t h e  h e a r tw o o d . E v a c u a t io n  o f  t h e  sp e c im e n s  p r i o r  to  
s a t u r a t i o n  w ith  d e - a e r a t e d  w a te r  m ig h t n o t  h a v e  rem oved  
a l l  t h e  a i r  in  th e  p o c k e t s .  When th e  s a t u r a t i n g  l i q u i d  
w as f o r c e d  t o  move th r o u g h  th e  wood d u r in g  f lo w  m ea su re ­
m e n ts , th e  tr a p p e d  a i r  in  th e  i n t e r s t i c e s  o b s t r u c t e d  th e  
f l o w .  In  s a t u r a t i n g  t h e  sp e c im e n s  from  th e  d r y  c o n d i t i o n ,  
p o s s i b l y  l e s s  a i r  w as c a u g h t  in  th e  v o id  s p a c e s  o f  th e  
sp e c im e n s  s i n c e  t h e r e  w ou ld  b e  nc a i r - w a t e r  i n t e r f a c e  
t h a t  c o u ld  b lo c k  t h e  m ovem ent o f  a i r  o u t  o f  th e  w ood .
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T a b le  2 .  A n a ly s i s  o f  v a r ia n c e  o f  th e  m eans o f  th e
p e r m e a b i l i t y  t o  w a te r  b e f o r e  d r y in g  (k w l)  and  
s i f t e r  d r y in g  and r e - s a t u r a t i o n  (k ^ g ) f o r  t h e  
h a rd w o o d s^ /
S o u r c e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
B lo c k 50 1 .7 2 7 .8 9 3 ^ .5 6 1 .7 6 *
T rea tm en t 1 6 3 2 .3 0 6 3 2 . 3 0 3 2 .2 4 * *
E r r o r 50 9 8 0 . 6 1 1 9 .6 1
T o t a l 101 3 .3 4 0 .8 0
S /lf lea n s i k ^  = 2 .5 8 0 3  k ^  = 7 .5 5 9 9 *  
* S i g n i f i c a n t  a t  0 .0 5 *
**  S i g n i f i c a n t  a t  0 . 0 1 .
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A n o th e r  p o s s i b l e  c a u s e  c o u ld  b e  t h e  c h a n g e  in  t h e  m in u te  
s t r u c t u r e  o f  t h e  w ood a f t e r  d r y i n g ,  r e s u l t i n g  i n  a n  i n ­
c r e a s e  i n  t h e  c a p a c i t y  o f  t h e  m a t e r i a l  t o  c o n d u c t  w a t e r .  
A lth o u g h  m in u te  c h e c k s  w e r e  n o t  o b s e r v e d  i n  t h e  s p e c i ­
m ens i n  m ic r o s c o p ic  e x a m in a t io n s ,  s u c h  o p e n in g s  c o u ld  
e x i s t  t o  c a u s e  a n  i n c r e a s e  i n  p e r m e a b i l i t y .
R e l a t i o n s h i p  B e tw e e n  W a ter  and  G as P e r m e a b i l i t y
The p e r m e a b i l i t y  o f  t h e  s p e c im e n s  t o  n i t r o g e n  g a s  
( k  ) w as d e t e r m in e d  a t  a n  a b s o l u t e  m ean p r e s s u r e  o f  1 . 2  
a tm . To o b t a i n  t h i s  p r e s s u r e ,  t h e  u p s tr e a m  and dow n­
s t r e a m  p r e s s u r e s  w e r e  a d j u s t e d  d e p e n d in g  u p on  t h e  p e r ­
m e a b i l i t y  o f  t h e  s p e c im e n .  S in c e  t h e  f l o w  r a t e  o f  g a s  
v a r i e s  w i t h  p r e s s u r e ,  i t  w a s n e c e s s a r y  t o  m ea su r e  t h e  
g a s  p e r m e a b i l i t y  a t  a  g i v e n  m ean p r e s s u r e  i n  o r d e r  t o  
o b t a i n  c o m p a r a b le  v a l u e s .  G as t r a v e l s  f a s t e r  a t  t h e  
d o w n stre a m  en d  o f  t h e  sa m p le  d u e  t o  e x p a n s i o n .  T he a v e r ­
a g e  v a l u e s  o f  t h e  g a s  p e r m e a b i l i t y  o f  t h e  sap w ood  and  
t h e  h e a r tw o o d  o f  e a c h  s p e c i e s  a r e  sh ow n  i n  T a b le  3*
I n  a d d i t i o n  t o  o b t a i n i n g  t h e  g a s  p e r m e a b i l i t y  o f  
t h e  s p e c im e n s  a t  1 . 2  atm  m ean p r e s s u r e ,  m e a su r e m e n ts  
w e re  a l s o  made a t  o t h e r  m ean p r e s s u r e s  t o  d e t e r m in e  i f  
e x t r a p o l a t i o n  t o  i n f i n i t e  m ean p r e s s u r e ,  a s  s u g g e s t e d  
b y  K l in k e n b e r g  ( l S ^ l )  and  e s t a b l i s h e d  b y  C o m sto ck  ( 1 9 6 7 ) 
f o r  w o o d , c o u ld  l e a d  t o  an  e q u i v a l e n t  p e r m e a b i l i t y  t o
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T a b le  3* A v era g e  g a s  p e r m e a b i l i t y  (k g )  and e x t r a p o la ­
t i o n  v a lu e s  a t  i n f i n i t e  p r e s s u r e  (kfc) o f  th e  
sapw ood and h e a r tw o o d  sp e c im e n s
_______________ P e r m e a b i l i t y
S p e c ie s  k kv
__________________________&_______________________  E.
D arcy D arcy
B la c k  l o c u s t i  
Sapwood  
H eartw ood
2 6 . 9 2 V?
5 * 9 3 8 4
2 9 .8 0 6 8
2 .1 3 1 6
A m erican  e lm i  
Sapwood  
H eartw ood
1 8 .0 5 1 6
3 .8 1 2 1
1 9 .4 8 7 0
4 .3 4 6 6
W hite o a k i
Sapwood
H eartw ood
4 .4 5 7 9
0 .0 0 6 6
3 .4 2 7 1__a /
H ack b erry t
Sapwood
H eartw ood
1 7 .0 9 0 0
1 3 .4 6 4 2
1 5 .0 8 1 0  




1 4 .2 1 7 3
1 6 .3 8 5 3
1 4 .1 2 5 3




1 0 .4 4 4 6
8 . 5 1 6 3
7 .0 5 8 ?
5 .2 7 3 5
S o f t  m a p le i  
Sapwood  
H eartw ood
1 .8 3 6 4 2 .3 0 4 4
B la c k  w i l lo w i  
Sapwood  
H eartw ood
1 5 .8 9 4 3
I I . 5 8 9 0
1 5 .3 0 5 3
7 .0 8 1 0
C o tto n w o o d i 
Sapwood  
H eartw ood
7 .8 2 8 8
1 0 .8 8 4 4
7 .2 7 7 0




2 .7 3 7 5
0 .6 8 3 1
1 .0 3 7 7
0 .0 6 8 8
8 0
Table 3 (Continued)
S p e c ie s
P e r m e a b i l i t y
_ kg
D arcy D arcy
S o u th e r n  p i n e i
Sapwood 0 .1 6 5 1 0 .3 8 2 7
H eartw ood 0 .0 2 0 7 — —
B a ld c y p r e s s i
Sapwood 1 .9 6 9 5 1 .6 5 1 ^
H eartw ood 0 .0 1 7 7 0 .0 2 1 3
^ N o  m ea su rem en ts m ade. H eartw ood s p e c im e n s  of* 
s o f t  m aple c o l l a p s e d  d u r in g  d r y in g .
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w a t e r .  A p l o t  o f  t h e  g a s  p e r m e a b i l i t y  a t  v a r io u s  mean 
p r e s s u r e s  and t h e  r e c i p r o c a l  o f  mean p r e s s u r e  1b shown  
in  F ig u r e  8 . The e x t r a p o la t e d  v a l u e s  o f  th e  g a s  p erm e­
a b i l i t y  t o  i n f i n i t e  p r e s s u r e  (k ^ ) a r e  shown in  T a b le  3*
A n a ly s e s  o f  v a r ia n c e  (T a b leB  h th r o u g h  1 1 ) w ere  
made t o  d e te r m in e  i f  t h e r e  w ere  d i f f e r e n c e s  b e tw e e n  t h e  
w a te r  p e r m e a b i l i t y  o f  th e  sp e c im e n s  and t h e  g a s  p erm e­
a b i l i t y  a t  1 . 2  atm  mean p r e s s u r e  and w ith  th e  e x t r a p o ­
l a t e d  v a lu e  a t  i n f i n i t e  p r e s s u r e .  When v a l u e s  o f  b o th  
s o f tw o o d s  and hardw oods w ere  a n a ly z e d  t o g e t h e r  (T a b le s  
^ and 5 ) th e  g a s  p e r m e a b i l i t y  v a l u e s  (k  and k - )  w ere
o  *
fo u n d  t o  be s i g n i f i c a n t l y  h ig h e r  th a n  t h e  w a t e r .  When 
a n a ly z e d  s e p a r a t e l y ,  (T a b le s  6 th r o u g h  1 1 ) t h e  g a s  p e r ­
m e a b i l i t y  (k g  and k^) o f  th e  hardw oods w ere  s t i l l  fo u n d  
t o  b e  s i g n i f i c a n t l y  h ig h e r  th a n  e i t h e r  k ^  o r  k^g* 
th e  s o f t w o o d s ,  t h e r e  w as no s i g n i f i c a n t  d i f f e r e n c e  b e ­
tw e e n  t h e  w a te r  p e r m e a b i l i t y  ( k ^ )  and e i t h e r  th e  g a s
p e r m e a b i l i t y  a t  1 . 2  atm  (k  ) o r  t h e  e x t r a p o la t e d  v a lu e
B
(k ^ ) a s  shown i n  T a b le s  7 and 9 .
The h ig h e r  g a s  p e r m e a b i l i t y  o b ta in e d  in  th e  h a r d ­
w oods i s  in  a g r ee m e n t w ith  t h e  r e s u l t s  o f  K lin k e n b e r g  
( I 9 A I) and C om stock  (1 9 6 7 )*  The hardw ood s p e c im e n s  w ere  
m o s t ly  h i g h l y  p e r m e a b le , and i n c r e a s i n g  t h e  mean p r e s ­
s u r e  d id  n o t  g r e a t l y  r e d u c e  t h e  e f f e c t  o f  g a s  s l ip p a g e  




















.0 0 9 -
/o Redwood (H eartw ood) 
Rwi  = 0 .0 0 8 7  D arcy  
k^ 0 .0 0 9 2  D arcy
B la ck  l o c u s t  (Sapwood) 
k^ 2 = 2 9 .3 1  D arcys







j. _ j  1 _____ !________ 1________ 1________ 1______ _ l
.6 .8 1.0  1.2  1.6 1.8
R e c ip r o c a l o f  Mean P r e ssu r e
2 .0
F ig u r e  8 .  A p l o t  o f  th e  p e r m e a b i l i t y  t o  g a s  a t  v a r io u s  mean p r e s s u r e s  and 
th e  r e c ip r o c a l  o f  mean p r e s s u r e . 00
ro
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T a b le  4 .  A n a ly s i s  o f  v a r ia n c e  o f  t h e  m eans o f  th e  
p e r m e a b i l i t y  t o  w a te r  b e f o r e  d r y in g  (k wi )  
th e  g a s  p e r m e a b i l i t y  (k g ) f o r  a l l  s p e c im e n s ^ /
S o u rce  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
B lo c k 69 3 ,1 1 7 .4 6 4 5 .1 8 1 .9 1 * *
T rea tm en t 1 1 ,6 5 8 .1 3 1 .6 5 8 .1 3 7 0 .0 8 * *
E r r o r 69 1 ,6 3 2 .4 -9 2 3 . 6 6
T o ta l 139 6 ,4 -0 8 .0 8
^Meansi k ^  = 1 .9 7 5 2 kg = 8.8581.
** Significant at 0.01,
T a b le  5« A n a ly s i s  o f  v a r ia n c e  o f  t h e  m eans o f  th e
p e r m e a b i l i t y  t o  w a te r  b e f o r e  d r y in g  (k wj )  and  
t h e  e x t r a p o la t e d  v a lu e  o f  t h e  g a s  p e r m e a b i l i t y  
a t  i n f i n i t e  p r e s s u r e  (k ^ ) f o r  a l l  sp e c im e n s^ '
S o u rc e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
B lo c k 69 2 , 6 3 6 . 0 6 3 8 . 2 0 1 . 9 9 **
T rea tm en t 1 1 ,3 9 7 .9 2 1 .3 9 7 .9 2 7 2 . 6 6 **
E r ro r 59 1 ,1 3 ^ .9 1 1 9 .3 ^
T o t a l 129 5 ,1 6 8 .8 9
^ M e a n s i  kw l -  1 . 9 7 5 2  kfc »  8 .5 5 3 1  
** S i g n i f i c a n t  a t  0 .0 1 .
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T a b le  6 .  A n a ly s i s  o f  v a r ia n c e  o f  t h e  m eans o f  th e
p e r m e a b i l i t y  t o  w a te r  b e f o r e  d r y in g  ( k ^ )  and  
th e  g a s  p e r m e a b i l i t y  (k g )  f o r  th e  h a rd w o o d sS /
S o u r c e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
B lo c k 53 2 , 1 5 1 . 6 0 4-0.60 1 .8 1 * *
T rea tm en t 1 2 , 0 9 0 , 1 1 2 ,0 9 0 .1 1 93 .14-**
E r r o r 53 1 ,1 8 9 .1 7 2 2 .W-
T o t a l 107 5 ,^ 3 0 . 8 8
^Meansi k ^  = 2.4-370 kg = 11.2353*
** Significant at 0.01.
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T a b le  7» A n a ly s i s  o f  v a r ia n c e  o f  th e  m eans o f  th e
p e r m e a b i l i t y  t o  w a te r  b e f o r e  d r y in g  ( k ^ )  and  
th e  g a s  p e r m e a b i l i t y  (k g )  f o r  th e  s o f t w o o d s ^
S o u r c e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
B lo c k 15 1 3 -7 5 0 . 9 2 1 .3 9
T rea tm en t 1 1 .4 0 1 .4 0 2*12
E r r o r 15 9 .9 5 0 .6 6
T o ta l 31 2 5 . 1 0
^ M e a n s i  kw i = 0 .4 1 6 5  kg  = 0 .8 3 5 0 .
8?
T a b le  8* A n a ly s i s  o f  v a r ia n c e  o f  th e  m eans o f  t h e
p e r m e a b i l i t y  t o  w a te r  b e f o r e  d r y in g  (k wi )  and 
th e  e x t r a p o la t e d  v a lu e  o f  t h e  g a s  p e r m e a b i l i t y  
a t  i n f i n i t e  p r e s s u r e  ( k k ) f o r  th e  h ard w ood sS /
S o u rc e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
B lo c k 53 1 ,9 3 3 * 8 1 3 6 .4 9 1 .8 8 * *
T rea tm en t 1 1 , 6 0 0 . 9 0 1 ,6 0 0 .9 0 8 2 . 6 9 **
E r r o r 48 9 2 9 .5 0 1 9 .3 6
T o t a l 102 4 ,4 6 4 .3 1
Means 1 K i -  2 .4 3 7 0  kk -  1 0 .3 3 1 1 .
* *  S i g n i f i c a n t a t  0 .0 1 .
8 8
T a b le  9 . A n a ly s i s  o f  v a r ia n c e  o f  t h e  m eans o f  th e
p e r m e a b i l i t y  t o  w a te r  b e f o r e  d r y in g  (k wi )  and  
t h e  e x t r a p o la t e d  v a lu e  o f  t h e  g a s  p e r m e a b i l i t y  
a t  i n f i n i t e  p r e s s u r e  (k ^ ) f o r  th e  s o f tw o o d s ^ /
S o u r c e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
B lo c k 15 1 0 .1 6 0 .6 8 3 . 19**
T r ea tm en t 1 0 .3 0 0 . 3 0 1 .4 3
E r r o r 10 2 .1 2 0 .2 1
T o t a l 26 1 2 .5 8
^ M e a n s i K l = 0 .4 1 6 5  kjj. = 0 . 6 3 2 6 .
**  S i g n i f i c a n t a t  0 . 0 1 .
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T a b le  1 0 . A n a ly s i s  o f  v a r ia n c e  o f  t h e  m eans o f  th e
p e r m e a b i l i t y  t o  w a te r  a f t e r  d r y in g  and r e -  
s a t u r a t i o n  ( k W2 ) and t h a  g a s  p e r m e a b i l i t y  
(!rg ) f o r  th e  h a r d w o o d sS /
S o u rc e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
B lo c k 53 5 ,0 8 7 .6 8 9 5 .9 9 12.9*+**
T rea tm en t 1 35*+. 33 35*+.33 1+7.72**
E r r o r 50 3 7 1 .2 3 7.1+2
T o t a l 10*+ 5 ,813 .2*+
s/lWeanst = 7.5599 kg * 11.2353.
** Significant at 0.01.
9 0
T a b le  1 1 . A n a ly s is  o f  v a r ia n c e  o f  th e  means o f  th e
p e r m e a b i l i t y  to  w a te r  a f t e r  d r y in g  and r e -  
s a t u r a t io n  (1%2) and "the e x tr a p o la t e d  
v a lu e  o f  t h e  g a s  p e r m e a b i l i t y  a t  I n f i n i t e  
p r e s s u r e  £kic) i ’o r  th e  h ard w ood sS /
S o u rce  o f  
v a r i a t i o n d f
Sum o f  
sq u a r e s
Mean
sq u are F r a t i o
B lo c k 50 4 ,7 2 7 .7 3 9 4 .5 5 1 7 .8 7 * *
T reatm en t 1 1 9 1 .9 2 1 9 1 .9 2 3 6 .2 8 * *
E r ro r 48 2 5 3 .7 3 5 .2 9
T o ta l 99 5*173*38
S /fllea n si \ z  = 7 .5 5 9 9  * 1 0 .3 3 1 1 .
**  S i g n i f i c a n t  a t  0 .0 1 .
9 1
a b i l i t y  h a rd w o o d s, a  h ig h e r  s l i p p a g e  e f f e c t  a lo n g  th e  
w a l l s  c o u ld  b e  d e t e c t e d .  F ig u r e  9 i s  a  p l o t  o f  t h e  r a t i o  
o f  t h e  g a s  p e r m e a b i l i t y  a t  1 . 2  atm  mean p r e s s u r e  and th e  
w a te r  p e r m e a b i l i t y  a g a in s t  t h e  lo g a r ith m  o f  th e  w a te r  
p e r m e a b i l i t y  o f  t h e  hardw oods a f t e r  r e - s a t u r a t i o n .  
H ig h ly  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  and i ' e g r e s s io n  
w ere  o b s e r v e d .  T h is  i n d i c a t e s  t h a t  th e  e f f e c t  o f  g a s  
s l i p p a g e  a lo n g  t h e  c a p i l l a r y  w a l l s  d e c r e a s e d  w it h  i n ­
c r e a s i n g  p e r m e a b i l i t y .  A h ig h e r  r a t i o  ( feg A w 2) w as o b ­
s e r v e d  in  t h i s  s tu d y  th a n  t h a t  by C om stock  ( 1 9 6 7 ) .  In  
h i s  i n v e s t i g a t i o n s  he u sed  am yl a l c o h o l  and i s o - o c t a n e  
w h ic h  a r e  n o n - s w e l l in g  l i q u i d s .  W ater w as u se d  in  t h i s  
s t u d y  and i t s  e f f e c t s  on th e  s t r u c t u r e  o f  wood c o u ld  
h a v e  c a u s e d  t h e  d i f f e r e n c e s  in  r e s u l t s .
S in c e  t h e  e x t r a p o la t e d  v a lu e  o f  t h e  g a s  p e r m e a b il­
i t y  a t  1/ P  = 0 o f  th e  s o f tw o o d s  was n o t  fo u n d  t o  be  
s i g n i f i c a n t l y  d i f f e r e n t  from  t h e  p e r m e a b i l i t y  o f  t h e  
sp e c im e n s  a t  n e v e r - d r ie d  c o n d i t i o n ,  t h e  r e l a t i o n s h i p  
b e tw e e n  t h e s e  tw o v a lu e s  w as d e te r m in e d . F ig u r e  10  i s  
a  p l o t  o f  t h e  lo g a r it h m  o f  k^ a g a i n s t  th e  lo g a r i t h m  o f  
k ^ • A lth o u g h  th e  g ra p h  i s  f a r  from  t h a t  o f  e x a c t  e q u iv ­
a l e n c e ,  t h e  c o r r e l a t i o n  and r e g r e s s i o n  w ere fo u n d  t o  be 
v e r y  h i g h l y  s i g n i f i c a n t .  B e t t e r  c o r r e l a t i o n ,  h o w ev e r ,  
was o b t a in e d  b y  C om stock  (1 9 6 7 )  b e tw e en  s i m i l a r  p erm e­
a b i l i t y  v a l u e s  f o r  g a s  and n o n - s w e l l i n g  l i q u i d s .
8
kg A w 2 -  3*8^39 -  2 .2 5 ^ 9  Log10kw2 
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L ogarithm  o f  k ^
F ig u re  9* R e la t io n s h ip  o f  th e  r a t i o  o f  th e  g a s  p e r m e a b i l i ty  and 
th e  w a te r  p e r m e a b i l i t y  a f t e r  d r y in g  and r e - s a t u r a t io n  
v e r s u s  th e  lo g a r ith m  o f  th e  w a ter  p e r m e a b i l i t y  show ing  





1 0  r :
Logiokjj = 0 aOI63 + 0 .8 1 0 8  L o g j^ k ^
r  * 0 .9 1 2 9 * *
1
0
0 .0 0 1 0 . 0 1 0.1 1 . 0 10
L ogarith m  o f  kw^
F ig u re  1 0 . A graph o f  th e  lo g a r ith m  o f  e x tr a p o la t e d  g a s  p e r m e a b il i ty
a t  i n f i n i t e  p r e s s u r e  and th e  lo g a r ith m  o f  w a ter  perm e- ^
a b i l i t y  o f  th e  so ftw o o d s  a t  n e v e r -d r ie d  c o n d i t io n .
R e s u l t s  o f  c o r r e l a t i o n  a n a ly s e s  t o  d e te r m in e  th e  
r e l a t i o n s h i p  b e tw e e n  th e  l i q u i d  p e r m e a b i l i t y  b e f o r e  
( k ^ )  and a f t e r  d r y i n g  and g a s  p e r m e a b i l i t y  a t
1*2  atm  (k g )  and t h e  e x t r a p o l a t i o n  v a l u e s  (k ^ ) a r e  
show n i n  T a b le  12* The w a te r  p e r m e a b i l i t i e s  w ere  fo u n d  
t o  b e  c o r r e l a t e d  w i t h  b o th  k^ and k^, i n  t h e  h a rd w o o d s , 
b u t  b e tw e e n  k ^  and k g  i n  t h e  s o f tw o o d s  t h e r e  w as no  
s i g n i f i c a n t  c o r r e l a t i o n .  T h is  l a c k  o f  c o r r e l a t i o n  b e ­
tw e e n  k „ - an d  k i n  t h e  s o f t w o o d s  c o u ld  b e  t h e  r e s u l t  w l g
o f  i n c r e a s e d  p i t  a s p i r a t i o n  d u r in g  d r y in g  w h ic h  w o u ld
g r e a t l y  r e d u c e  t h e  v a l u e s  o f  k _ D
s
I n  t h e  h a r d w o o d s , h ig h e r  c o r r e l a t i o n  w as o b t a in e d  
b e tw e e n  t h e  w a te r  p e r m e a b i l i t y  a f t e r  d r y in g  and r e - s a t u -  
r a t i o n  (k w 2) and e i t h e r  t h e  g a s  p e r m e a b i l i t y  a t  1 . 2  atm  
(k g )  o r  t h e  e x t r a p o l a t e d  v a l u e s  (h ^ ) th a n  w i t h  
D r y in g  a p p a r e n t ly  b r o u g h t  a b o u t  c h a n g e s  i n  th e  in n e r  
s t r u c t u r e s  o f  t h e  s p e c im e n s  t o  su c h  an  e x t e n t  t h a t  t h e  
e f f e c t  w as p erm a n en t and  r e s u l t i n g  i n  h ig h e r  p e r m e a b i l ­
i t y  v a l u e s  w h ic h  w ere  b e t t e r  c o r r e l a t e d  t o  k  and  kvg  K
th a n  t h e  o r i g i n a l  p e r m e a b i l i t y  o f  t h e  s p e c im e n s  b e f o r e  
d r y i n g .
R e l a t i v e  P e r m e a b i l i t y
The r e l a t i v e  p e r m e a b i l i t i e s  f o r  tw o s a t u r a t i o n  
h i s t o r i e s ,  d r a in a g e  and i m b i b i t i o n ,  w ere  m e a s u r e d . S p e c -
9 5
T a b le  1 2 . R e s u l t s  o f  c o r r e l a t i o n  a n a ly s e s  b e tw e en  
w a te r  and g a s  p e r m e a b i l i t y  ( C o r r e la t io n  
c o e f f i c i e n t  and number o f  s p e c im e n s )
kwl *w2
kg kk ke * *
O v e r a ll 0 .5 9 0 ? * *
70
0 .5 3 8 3 * *
60
0 . 9 0 3 5 **
51
0 .9 1 8 6 * *
49
S o ftw o o d s 0 .1 9 8 8
16
0 .6 2 2 8 *
11
- . a /
H ardwoods 0 .5 0 0 4 * *
54
0 .4 5 0 0 * *
49
0 . 9 0 3 5 **
51
0 . 9 1 8 6 **  
^9
Sapwood 0 .6 4 6 5 * *
38
0 .7 0 7 1 * *
35
0 . 9 0 4 9 **
30
0 .9 3 4 7 * *
29
H eartw ood O .5 0 5 1 **
32
0 . 3 0 8 6
25
0 .9 0 1 3 * *
21
0 .7 7 1 3 * *
20
■^No was m easured  in  th e  so f tw o o d  s p e c im e n s .  
O v e r a l l  v a l u e s  a r e  th e  same a s  th e  hardw ood v a l u e s .
* S i g n i f i c a n t  a t  0 .0 5 *  
**  S i g n i f i c a n t  a t  0 .0 1 .
9 6
lin e n s  u s e d  i n  t h e  d r a i n a g e - t y p e  m e a su r e m e n ts  c o n s i s t e d  
o f  tw o s p e c i e s *  A m e r ica n  e lm , a  r in g - p o r o u s  h a rd w o o d , 
and  b a l d c y p r e s s ,  a  B o f tw o o d . I n  t h e  i m b i b i t i o n - t y p e  
m e a s u r e m e n t , 12 s p e c i e s  w e r e  s t u d i e d  c o n s i s t i n g  o f  f o u r  
r i n g - p o r o u s  v /o o d s , tw o  s e m i - r i n g - p o r o u s  w o o d s , t h r e e  
d i f f u s e - p o r o u s  w ood s and  t h r e e  s o f t w o o d s .  T h er e  w e re  
f o u r  r e p l i c a t e d  s a m p le s  ( tw o  sap w ood  a n d  tw o h e a r tw o o d )  
p e r  s p e c i e s  i n  th e  d r a in a g e  m e a s u r e m e n ts , and s i x  r e p l i ­
c a t e d  s a m p le s  ( t h r e e  sap w ood  and t h r e e  h e a r tw o o d )  i n  t h e  
i m b i b i t i o n  m e a s u r e m e n ts . T he m o is t u r e  c o n t e n t  o f  t h e  
s p e c im e n s  d u r in g  t h e  d r a in a g e  m e a su r e m e n ts  c o u ld  n o t  
b e  r e d u c e d  t o  t h a t  s i m i l a r  t o  t h e  m o is t u r e  o f  w ood  f o r  
p r e s e r v a t i v e  t r e a t m e n t .  As a  r e s u l t ,  o n l y  tw o  s p e c i e s  
c o n s i s t i n g  o f  f o u r  s p e c im e n s  e a c h  (tw o  sap w ood  an d  tw o  
h e a r tw o o d )  w e re  m e a su r e d  f o r  r e l a t i v e  p e r m e a b i l i t y  in  
t h e  d r a i n a g e - t y p e  m e a s u r e m e n ts .
I n  t h e  d r a i n a g e - t y p e  m ea su rem en t t h e  s a t u r a t e d  
s p e c im e n s  w e r e  s u b j e c t e d  t o  an  i n c r e a s i n g  v o lu m e  o f  
f l o w  o f  n i t r o g e n  w h i l e  t h e  v o lu m e  o f  w a t e r  f l o w  w as  
c o r r e s p o n d i n g l y  d e c r e a s e d  u n t i l  o n l y  g a s  w as f l o w i n g  in  
t h e  s y s t e m .  The n e t  r e s u l t  w as a  r e d u c t i o n  i n  s a t u r a ­
t i o n  o f  t h e  s p e c im e n s .  I n  t h e  i m b i b i t i o n  t y p e  m e a s u r e ­
m e n t s ,  s p e c im e n s  d r i e d  t o  a b o u t  t h e  f i b e r  s a t u r a t i o n  
p o i n t  w e re  s u b j e c t e d  t o  an  i n c r e a s i n g  f l o w  r a t e  o f  
w a t e r  w h i l e  t h e  g a s  r a t e  w as c o r r e s p o n d i n g l y  d e c r e a s e d
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u n t i l  o n ly  w a te r  waB f l o w i n g .  T h is  c a u se d  an  in c r e a s e  
i n  th e  s a t u r a t i o n  o f  th e  s p e c im e n s .  The r e l a t i v e  p e r ­
m e a b i l i t y  v a lu e s  w ere  b a se d  on th e  p e r m e a b i l i t y  o f  th e  
sp e c im e n s  a t  100 p e r c e n t  w a te r  s a t u r a t i o n .  In  t h e  im b i­
b i t i o n  m easu rem en ts th e  r e l a t i v e  p e r m e a b i l i t y  w as b a se d  
on  th e  w a te r  p e r m e a b i l i t y  a f t e r  d r y in g  and r e - s a t u r a ­
t i o n  ( f c ^ ) .
D r a in a g e .  —  T y p ic a l  r e l a t i v e  p e r m e a b i l i t y  c u r v e s  
f o r  A m erican  e lm  and b a ld c y p r e s s  d e r iv e d  from  th e  d r a in ­
ag e  - t y p e  m easu rem en ts a r e  shown in  F ig u r e s  11 and 1 2 .  
S in c e  th e  c u r v e s  f o r  th e  v a r io u s  r e p l i c a t e d  sa m p le s  
w i t h i n  ea ch  s p e c i e s  a r e  v e r y  s i m i l a r ,  and t h e r e  was v e r y  
l i t t l e  d i f f e r e n c e  b e tw e e n  sapw ood and h e a r tw o o d , o n ly  
on e  t y p i c a l  c u r v e  i s  shown f o r  e a ch  wood t y p e .  The w a te r  
c u r v e  o f  t h e  r in g - p o r o u s  wood w as e s s e n t i a l l y  s t r a i g h t  
down t o  a  c e r t a i n  r e l a t i v e  p e r m e a b i l i t y  v a l u e ,  th e n  i t  
g r a d u a l ly  ch a n g ed  in  s lo p e  u n t i l  th e  z e r o  r e l a t i v e  p e r ­
m e a b i l i t y  v a lu e  was r e a c h e d .  I n  t h e  s o f tw o o d , th e  w a te r  
c u r v e  had th e  sh a p e  o f  a  p a r a b o la .  In  b o th  c a s e s ,  th e  
i n i t i a l  c h a n g e  in  p e r m e a b i l i t y  t o  w a te r  w as a b r u p t . The 
s lo p e  o f  th e  c o r r e s p o n d in g  g a s  c u r v e  i n  t h e  r in g - p o r o u s  
sp e c im e n  in c r e a s e d  f a i r l y  g r a d u a l ly  w ith  d e c r e a s in g  
s a t u r a t i o n  and i t  r e a c h e d  a  h ig h  r e l a t i v e  p e r m e a b i l i t y  
v a l u e ,  w h i l e  in  th e  s o f tw o o d  th e  s lo p e  o f  t h e  g a s  c u r v e  
























P e r c e n ta g e  S a t u r a t io n
F ig u r e  1 1 .  T y p i c a l  r e l a t i v e  p e r m e a b i l i t y  c u r v e  o f  
a  r in g - p o r o u s  sp e c im e n  o f  A m erican  elm  
( Ulmus a m e r ic a n a  L . )  o b t a in e d  from  
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P e r c e n ta g e  S a t u r a t io n
F ig u r e  1 2 . T y p ic a l  r e l a t i v e  p e r m e a b i l i t y  c u r v e  o f  
a  s o f tw o o d  sp e c im e n  ( Taxodium  d is t ic h u m  
L . R i c h . )  o b ta in e d  froin d r a in a g e - t y p e  
m e a su r e m e n ts .
100
t i v e  p e r m e a b i l i t y .
I n  d e s c r i b in g  th e  d is p la c e m e n t  o f  f l u i d s  in  c a p ­
i l l a r y  t u b e s ,  Brownscom be e t  a l  (1 9^9 )  i n d ic a t e d  t h a t  
th e  l a r g e s t  o p e n in g s  w ou ld  be d e - s a t u r a t e d  f i r s t ,  a f t e r  
w h ich  o p e n in g s  l a r g e r  th a n  th o s e  w h ich  p o s s e s s  c a p i l ­
l a r y  p r e s s u r e  e q u a l  to  t h e  a p p l ie d  p r e s s u r e  becom e d e ­
s a t u r a t e d .  S in c e  t h e  l a r g e r  o p e n in g s  c o n t r ib u t e  m ost  
o f  th e  f lo w  c h a n n e ls  r e s p o n s ib l e  f o r  p e r m e a b i l i t y ,  
b lo c k a g e  o f  f lo w  b y  th e  e n tr a n c e  o f  a  s e c o n d  p h a se  
r e s u l t s  in  a  m arked r e d u c t io n  i n  r e l a t i v e  p e r m e a b i l i t y .  
The r e s u l t s  o b t a in e d  in  t h i s  s tu d y  c o r r e sp o n d  w ith  
t h e s e  o b s e r v a t i o n s .  The r e l a t i v e  p e r m e a b i l i t y  o f  b o th  
t h e  A m erican  e lm  and th e  b a ld c y p r e s s  sp e c im e n s  d e c r e a s e d  
a b r u p t ly  w ith  t h e  i n t r o d u c t io n  o f  t h e  s e c o n d  ( g a s )  
p h a s e .  The g a s  p r e s e n t e d  a  b a r r ie r  t o  th e  f lo w  o f  th e  
w a te r  in  th e  l a r g e s t  c a p i l l a r i e s  o f  th e  s y s t e m .
A n o th e r  o b s e r v a t io n  w h ich  c a n  be made from  th e  
c u r v e s  i s  th e  p e r c e n ta g e  c o n t r i b u t i o n  t h a t  t h e  l a r g e r  
c a p i l l a r i e s  make t o  th e  p e r m e a b i l i t y  o f  th e  m a t e r i a l s .
In  th e  A m erican  e lm , th e  i n t r o d u c t io n  o f  a  vo lu m e o f  
g a s  w h ich  a c c o u n te d  f o r  o n l y  two p e r c e n t  o f  t h e  p o re  
s p a c e ,  r e d u c e d  t h e  w a te r  p e r m e a b i l i t y  from  100  p e r c e n t  
t o  a b o u t 4-0 p e r c e n t .  T h u s, th e  l a r g e s t  p o r e  o p e n in g s  
a c c o u n te d  f o r  a b o u t  60 p e r c e n t  o f  t h e  p e r m e a b i l i t y .  I n  
b a ld c y p r e s s ,  a b o u t  5 p e r c e n t  o f  t h e  p o r e  o p e n in g s
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a c c o u n te d  f o r  a b o u t  80 p e r c e n t  o f  th e  p e r m e a b i l i t y .
Brow nscom be e t  a l  (1 9 ^ 9 )  a l s o  d e s c r ib e d  th e  r e l a ­
t i v e  p e r m e a b i l i t y  c u r v e s  w h ic h  w e re  o b t a in e d  from  c a p ­
i l l a r i e s  o f  v a r io u s  s i z e s  and d i s t r i b u t i o n s .  F or a  
s i n g l e  c a p i l l a r y  tu b e  o f  u n ifo r m  b o r e ,  t h e  w e t t i n g  
p h a s e  c u r v e  f o l l o w s  e s s e n t i a l l y  a  s t r a i g h t  l i n e  up t o  
a b o u t  10 p e r c e n t  s a t u r a t i o n  v a lu e  a t  w h ic h  t h e  c u r v e  
c h a n g e s  s lo p e  a b r u p t ly  to w a r d  z e r o  v a l u e • The s l o p e  o f  
t h e  n o n - w e t t in g  p h a se  c u r v e  i n c r e a s e s  s l o w l y ,  th e n  
r a p i d l y  a p p r o a c h e s  a  r e l a t i v e  p e r m e a b i l i t y  v a lu e  o f  
u n i t y .  F or c a p i l l a r i e s  o f  v a r y in g  s i z e s ,  t h e  l a r g e r  
c a p i l l a r i e s  a r e  e m p tie d  f i r s t ,  l e a v i n g  t h e  s m a l l e r  c a p ­
i l l a r i e s  to  c a r r y  th e  f l o w  o f  th e  d i s p l a c e d  p h a s e .  From 
P o i 3 e u i l l e f s  e q u a t io n  (E q u a t io n  *0 and t h e  fo r m u la  o f  
t h e  vo lu m e o f  a  c y l i n d e r ,  th e  f l o w  r a t e  v a r i e s  b y  t h e  
f o u r t h  pow er w h i l e  th e  v o lu m e  v a r i e s  o n ly  b y  th e  s e c o n d  
p ow er  o f  th e  r a d i u s .  Brow nscom be e t  a l  (1 9 ^ 9 )  p o in t e d  
o u t  t h a t  u n d er  t h i s  s y s te m  th e  d i s p l a c e d - p h a s e  p erm e­
a b i l i t y  w ou ld  d e c r e a s e  w i t h  t h e  sq u a r e  o f  t h e  s a t u r a t i o n .  
T h is  r e s u l t s  i n  a  p a r a b o l i c  c u r v e .  F or a  c a p i l l a r y  s y s ­
tem  w i t h  w id e  r a n g e  o f  s i z e s  and o f  u n e v e n  d i s t r i b u t i o n ,  
t h e  c u r v e  d e v i a t e s  from  a  sm ooth  o n e .
I n  th e  r in g - p o r o u s  w ood , t h e  c a p i l l a r y  s y s te m  may 
b e  v ie w e d  a s  com p osed  o f  p a r a l l e l  c a p i l l a r i e s .  I f  d u r in g  
t h e  e a r l y  s t a g e s  o f  d e - s a t u r a t i o n ,  w h ere  o n l y  t h e  l a r g e s t
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p o r e s  w ere  d r a in e d ,  th e  d e - s a t u r a t e d  c a p i l l a r i e s  w ere  
o f  e q u a l  s i z e s  t h e  e f f e c t  w o u ld  b e  t h a t  o f  d r a i n i n g  a  
s i n g l e  c a p i l l a r y  w h ose  v o lu m e i s  e q u a l  t o  t h e  sum o f  
t h e  c a p i l l a r i e s  d r a in e d .  The r e s u l t i n g  d i s p la c e d - p h a s e  
c u r v e  w o u ld  f o l l o w  e s s e n t i a l l y  a  s t r a i g h t  l i n e .  As 
shown i n  F ig u r e  11 f o r  A m erica n  e lm , a  s t r a i g h t  l i n e  
c u r v e  w as o b t a in e d  f o r  t h e  i n i t i a l  p a r t  o f  t h e  d r a in a g e  
m easu rem en t i n d i c a t i n g  t h a t  a t  t h i s  s t a g e  t h e  c a p i l ­
l a r i e s  d r a in e d  w e re  a b o u t e q u a l  in  s i z e .  The lo w e r  p o r ­
t i o n  o f  t h e  c u r v e  assum ed a  p a r a b o l i c  s h a p e . A s more 
g a s  w as a d m it te d  i n t o  t h e  s y s t e m  t h e  n e x t  g r a d e  o f  c a p ­
i l l a r i e s  w ere  e m p t ie d .  S in c e  t h e  c o n t r i b u t i o n  o f  t h e s e  
c a p i l l a r i e s  t o  t h e  t o t a l  f l o w  w as n o t  a s  g r e a t  a s  th e  
p r e v i o u s l y  d r a in e d  c a p i l l a r i e s ,  t h e r e  w as l e s s  d e c r e a s e  
i n  t h e  r e l a t i v e  p e r m e a b i l i t y  t o  w a t e r .  The c u r v e ,  t h e r e  
f o r e ,  c h a n g e d  i n  s l o p e  and g r a d u a l ly  d e v ia t e d  from  a  
s t r a i g h t  l i n e .  S u ch  a  phenom enon i n d i c a t e s  t h a t  a f t e r  
th e  l a r g e s t  p o r e s  w ere  d e - s a t u r a t e d ,  p o r e s  t h a t  w ere  
s u b s e q u e n t ly  d r a in e d  v a r ie d  m ore i n  s i z e .  F ig u r e  13  i s  
a  p h o to g r a p h  o f  t h e  c r o s s  s e c t i o n  o f  A m erican  e lm . I t  
sh ow s t h e  d i s t r i b u t i o n  and s i z e s  o f  p o r e s .  The p o r e s  
v a r ie d  from  v e r y  l a r g e  in  t h e  sp r in g w o o d  v e s s e l s  t o  
m in u te  i n  f i b e r  o p e n in g s  i n  t h e  summerwood p o r t i o n .  The 
w a te r  c u r v e  in  F ig u r e  11 a p p r o a c h e d  z e r o  v a lu e  a t  a b o u t  
9 1 .5  p e r c e n t  s a t u r a t i o n .  T h is  m eans t h a t  u n d e r  t h e  f lo w
F ig u r e  1 3 .  P h o to g ra p h  o f  th e  c r o s s - s e c t i o n  o f  
A m erican  aim  ( Ulmus a m er ica n a  L . )  
sh o w in g  t h e  l a r g e  v e s s e l s  in  th e  
sp r in g w o o d  i n  c o m p a r iso n  t o  th e  
s m a l le r  v e s s e l s  in  th e  summerwood.
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c o n d i t i o n s  em p lo y ed , o n ly  a b o u t 8 *5  p e r c e n t  o f  th e  p o r e  
s p a c e  had c a p i l l a r y  p r e s s u r e s  l e s s  th a n  t h e  a p p l ie d  
p r e s s u r e  and t h e r e f o r e  c o u ld  b e  d r a in e d *  T h is  8 *5  p e r ­
c e n t  p o r e  s p a c e ,  h o w e v e r , a c c o u n te d  f o r  9 5  p e r c e n t  o f  
t h e  p e r m e a b i l i t y  t o  g a s*
The f lo w  c h a n n e ls  o f  th e  s o f tw o o d s  a r e  v e r y  d i f ­
f e r e n t  from  t h e  h a rd w o o d s . A lth o u g h  th e  g r o s s  s t r u c t u r e s  
t h a t  w ou ld  a l lo w  e n t r y  o f  f l u i d s  in  th e  l o n g i t u d i n a l  
d i r e c t i o n  a r e  th e  c u t  e n d s  o f  t r a c h e i d s  o f  b o th  th e  
sp r in g w o o d  and summerwood, th e  p a s s a g e  o f  t h e  f l u i d  i s  
c o n t r o l l e d  b y  th e  f i n e  in te r c o m m u n ic a t in g  o p e n in g s  o f  
t h e  p i t  membrane p o r e s  (Stamm 1 9 6 3 ) .  T h ese  o p e n in g s ,  
h o w e v e r , a r e  c o m p lic a te d  b y  th e  p r e s e n c e  o f  d e p o s i t s  
and o t h e r  e x tr a n e o u s  m a t e r i a l s .  P i t  a s p i r a t i o n  r e d u c e s  
f l u i d  f l o w .  L i q u id - a i r  m e n is c i  a l s o  c r e a t e  c o n d i t i o n s  
u n fa v o r a b le  f o r  f lo w ,  t h u s  g r e a t  p r e s s u r e s  a r e  r e q u ir e d  
t o  overcom e t h e  e f f e c t  o f  s u r f a c e  t e n s i o n  i n  t h e s e  
m e n is c i  (Stamm 1 9 6 3 ) .
The c a p i l l a r y  s y s te m  in  t h e  s o f tw o o d s  c a n n o t  be  
v ie w e d  a s  p a r a l l e l  c a p i l l a r i e s ,  i n s t e a d ,  a s  c a p i l l a r i e s  
i n  s e r i e s  s e p a r a t e d  b y  t h e  in te r c o m m u n ic a t in g  p i t  mem­
b r a n e s .  The m ovem ent o f  f l u i d s  i s  t h e r e f o r e  q u i t e  d i f ­
f e r e n t  from  t h a t  i n  h a rd w o o d s. When g a s  i s  a d m it te d  t o  
f l o w ,  i t  s e e k s  o u t  th e  o p e n in g s  t h a t  r e p r e s e n t  th e  p a th  
o f  l e a s t  r e s i s t a n c e .  T h e se  w ou ld  b e  in  t h e  s e r i e s  o f
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p i t s  in  t r a c h e i d s  t h a t  p o s s e s s  t h e  l a r g e s t  p i t  p o r e  
o p e n in g s .  I f  t h e  g r a d a t io n  o f  p i t  p o r e  o p e n in g s  i s  
g r a d u a l ,  su ch  t h a t  a d d i t i o n a l  vo lu m e o f  g a s  in  t h e  s y s ­
tem  w ou ld  r e s u l t  in  g r a d u a l r e d u c t io n  o f  t h e  w a te r  p e r ­
m e a b i l i t y ,  t h e  w a te r  c u r v e  w ou ld  ch a n g e  i n  s lo p e  g r a d ­
u a l l y .  Such a  c u r v e  w as fo u n d  in  th e  s o f tw o o d .
The s o f tw o o d  sp e c im e n s  w ere  d r a in e d  t o  a b o u t 80  
p e r c e n t  s a t u r a t i o n  b u t  t h i s  d o e s  n o t  mean t h a t  o n ly  20 
p e r c e n t  o f  t h e  p o r e  s p a c e  i s  r e s p o n s ib l e  f o r  t h e  p erm e­
a b i l i t y  o f  th e  s p e c im e n s . A number o f  c a p i l l a r i e s  p a r ­
t i c i p a t e  in  one flo\Y  p a th  so  t h a t  a  g r e a t e r  p e r c e n ta g e  
p o r e  sp a c e  i s  in v o lv e d  a t  one t im e .  I t  im p l ie s  t h a t  th e  
t o t a l  amount o f  w a te r  d r a in e d  from  t h e s e  c a p i l l a r i e s  i s  
e q u iv a le n t  t o  20 p e r c e n t  o f  t h e  p o r e  s p a c e .
The g a s  r e l a t i v e  p e r m e a b i l i t y  o f  th e  s o f tw o o d s  
w as v e r y  much lo w e r  th a n  th e  h a rd w o o d s. The so f tw o o d  
a t t a i n e d  o n ly  1 2 .5  p e r c e n t  o f  t h e  s p e c i f i c  p e r m e a b i l i t y  
o f  th e  m a t e r i a l ,  w h ile  th e  hardw ood r e a c h e d  9 5  p e r c e n t .  
T h is  d i f f e r e n c e  may be r e l a t e d  t o  th e  s m a l le r  e f f e c t i v e  
p o r e  r a d i i  fo u n d  in  th e  s o f tw o o d  s p e c im e n s , and p e r h a p s  
a l s o  t o  t h e  fo r m a t io n  o f  a i r - w a t e r  m e n is c i  w h ich  im p ed es  
f l o w .  T h ese  f a c t o r s  w ou ld  c a u s e  a  much lo w e r  r a t i o  o f  
f lo w  r a t e  t o  p r e s s u r e  g r a d ie n t  i n  t h e  s o f t w o o d s .  The n e t  
r e s u l t  w ou ld  b e  a  l a r g e  r e d u c t io n  i n  t h e  r e l a t i v e  p erm e­
a b i l i t y .
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T he s p e c i f i c  p e r m e a b i l i t y  o f  t h e  s p e c im e n  d o e s  
n o t  seem  t o  a f f e c t  t h e  d e g r e e  o f  d r a i n a g e .  T he am ount 
o f  d e - s a t u r a t i o n  a p p e a r s  t o  b e  m ore a  f u n c t i o n  o f  t h e  
s t r u c t u r e  th a n  p e r m e a b i l i t y .  T he p r e s e n c e  o f  d e p o s i t s  
a n d /o r  t y l o s e s  w o u ld  a f f e c t  t h e  am ount o f  d r a in a g e  in  
s o  f a r  a s  t h e s e  f a c t o r s  a f f e c t  t h e  f l o w  o f  f l u i d s  
th r o u g h  w o o d .
I m b i b i t i o n . —  The r e l a t i v e  p e r m e a b i l i t y  c u r v e b  
o b t a in e d  fro m  t h e  i m b i b i t i o n - t y p e  m e a su r e m e n ts  a r e  
i l l u s t r a t e d  in  F ig u r e s  l k  th r o u g h  1 ? •  F o r  p u r p o s e s  o f  
d i s c u s s i o n ,  o n e  c u r v e  f o r  e a c h  o f  t h e  v a r i o u s  p o r e  
t y p e s  w as s e l e c t e d .  D e v i a t i o n s  fro m  t h e s e  c u r v e s  w e re  
n o t e d  b u t  i t  w as f e l t  t h a t  t h e  s e l e c t e d  c u r v e s  t y p i f y  
t h e  r e s u l t s  o b t a i n e d .
The w a t e r  c u r v e  o f  t h e  r i n g - p o r o u s ,  s e m i - r i n g -  
p o r o u s  and  d i f f u s e - p o r o u s  w o o d s  a r e  v e r y  s i m i l a r  ( F i g ­
u r e s  I k  th r o u g h  1 6 ) .  T h ey  c o n s i s t  o f  lo w  s w e e p in g  
c u r v e s  a t  lo w  w a t e r  s a t u r a t i o n  w i t h  t h e  p e r m e a b i l i t y  
I n c r e a s i n g  w i t h  i n c r e a s i n g  s a t u r a t i o n .  The w a t e r  c u r v e  
o f  t h e  s o f t w o o d  ( F ig u r e  1 ? )  w a s r a t h e r  f l a t ,  r i s i n g  
v e r y  s l o w l y .  E v en  a t  t h e  s t a g e  o f  m ea su rem en t w h ere  
o n l y  w a t e r  w as f l o w i n g ,  t h e  r e l a t i v e  p e r m e a b i l i t y  w as  
much lo w e r  th a n  i n  t h e  h a r d w o o d s . One n o t a b l e  d i f f e r ­
e n c e  b e tw e e n  t h e  i m b i b i t i o n -  an d  d r a i n a g e - t y p e  r e l a t i v e  
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F ig u r e  1^-. T y p ic a l  r e l a t i v e  p e r m e a b i l i t y  c u r v e  o f  a  
r in g - p o r o u s  sp e c im e n  ( Ulmus a m er ica n a  
L .)  o b ta in e d  from  i m b ib i t io n  m ea su r e ­
m en ts s t a r t i n g  from  a b o u t t h e  f i b e r  
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F ig u r e  15« T y p ic a l  r e l a t i v e  p e r m e a b i l i t y  c u r v e  o f  a  
d i f f u s e - p o r o u s  sp e c im e n  ( P la ta n u s  o c c i ­
d e n t a l  i s  L .)  o b ta in e d  from  im b i b i t i o n -  
ty p e  m easu rem en ts s t a r t i n g  from  a b o u t  
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F ig u r e  1 6 .  T y p ic a l  r e l a t i v e  p e r m e a b i l i t y  c u r v e  o f  a  
s e m i- r in g - p o r o u s  sp e c im e n  ( S a l i x  n ig r a  
M a r sh .)  o b ta in e d  from  i m b ib i t io n - t y p e  
m easu rem en ts s t a r t i n g  from  a b o u t th e  
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P e r c e n ta g e  S a t u r a t io n
F ig u r e  17* T y p ic a l  r e l a t i v e  p e r m e a b i l i t y  c u r v e  o f  a  
s o f tw o o d  sp e c im e n  (T axodium  d is t ic h u m  
L . R ic h . )  o b ta in e d  from  i m b ib i t io n - t y p e  
m easu rem en ts s t a r t i n g  from  a b o u t  th e  
f i b e r  s a t u r a t i o n  p o i n t .
Ill
c r e a s e d  in  vo lum e w as a l s o  t h e  w e t t in g  p h a s e .  A t very- 
lo w  w a te r  s a t u r a t i o n ,  th e  w a te r  t e n d s  to  o c c u p y  th e  
l e a s t  f a v o r a b le  p o r t i o n s  o f  t h e  p o re  s p a c e ,  i . e . ,  a s  
t h i n  l a y e r s  on  th e  w a l l s  o f  th e  p o r e  c a v i t i e s  and in  
m in u te  c a p i l l a r i e s .  T h is  e x p l a in s  why t h e  w a te r  c u r v e  
r o s e  v e r y  s l o w l y  ( C r a f t  and H aw kins 1 9 5 9 )*
The a v e r a g e  e f f e c t i v e  p e r m e a b i l i t y  ( k _ „ ) ,  r e l a -©W
t i v e  p e r m e a b i l i t y  (k  ) and d e g r e e  o f  s a t u r a t i o n  o f  th erw
sapw ood and h e a r tw o o d  o f  e a ch  s p e c i e s  a r e  show n in  
T a b le  13* The r e s u l t s  o f  a n a ly s e s  o f  v a r ia n c e  o f  th e  
d i f f e r e n c e  i n  th e  m eans o f  th e  r e l a t i v e  p e r m e a b i l i t y  
and o f  t h e  d e g r e e  o f  s a t u r a t i o n  b e tw e e n  t h e  s o f tw o o d s  
and hardw oods a r e  show n in  T a b le s  l*f and 15* r e s p e c ­
t i v e l y .  The r e l a t i v e  p e r m e a b i l i t y  o f  t h e  hardw oods w as 
s i g n i f i c a n t l y  h ig h e r  th a n  t h a t  o f  th e  so ftw o o d s*  w h i le  
t h e  s o f tw o o d s  show ed a  s i g n i f i c a n t l y  h ig h e r  s a t u r a t i o n  
a t  t h e  end  o f  th e  r e l a t i v e  p e r m e a b i l i t y  r u n . The d e ­
c r e a s e  in  g a s  p e r m e a b i l i t y  w as l e e s  a b r u p t in  th e  s o f t ­
w oods th a n  in  t h e  h a rd w o o d s.
The f lo w  m echanism  in v o lv e d  in  i m b ib i t io n - t y p e  
r e l a t i v e  p e r m e a b i l i t y  m ea su rem en ts a p p ea r e d  t o  b e  s im ­
i l a r  among t h e  p o r e  t y p e s  in  hardw oods a s  c a n  be s e e n  
in  F ig u r e s  1 4 , 15 and 1 6 .  A s m a l l  am ount o f  w a te r  a d m it­
t e d  t o  f lo w  i n t o  t h e  wood c a u s e d  c o n s id e r a b le  and a b r u p t  
r e d u c t io n  i n  t h e  e f f e c t i v e  p e r m e a b i l i t y  o f  t h e  g a s .  In
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T a b le  1 3 . A v era g e  v a lu e s  o f  t h e  e f f e c t i v e  p e r m e a b i l i t y  
t o  w a te r  ( k ew ) ,  r e l a t i v e  p e r m e a b i l i t y  (k r w ) 
and s a t u r a t i o n  o f  t h e  sapw ood and h ea rtw o o d  
sp e c im e n s
S p e c ie s  k , k„ S a t u r a t io n_____________________ew___________ rw____________________
D a rcy D arcy
B la c k  l o c u s t  1 
Sapwood 
H eartw ood
4 .4 6 9 2
0 .1 4 3 5
O .I 766
0 .1 4 9 6
0 .5 5 9 9
0 . 6 0 3 8
A m erican  elm s  
Sapwood  
H eartw ood
3*8 5 5 ^
0 .3 3 ^ 1
0 . 2 6 8 8  
0 .4 2 4 6
0 .3 5 1 9
0 . 5 2 8 1





0 .4 3 5 0 0 .4 8 0 5
H ack b erry*
Sapwood
H eartw ood
1 . 7 1 6 2
1 .4 5 3 6
0 .2 2 1 7
0 . 1 5 8 6
0 .4 0 8 6




4 .5 3 8 7
3 .2 8 0 9
0 .4 5 5 9
0 .4 7 6 2
O.5 0 6 5




0 .3 5 9 7
0 .2 0 8 8
0 .1 3 0 7
0 .0 8 8 6
0 .5 6 1 5
0 .5 5 9 9
S o f t  m aples  
Sapwood  
H eartw ood
0 .0 4 0 8 O .I 396 0 .3 7 7 3
B la c k  w il lo w s  
Sapwood  
H eartw ood
3 .3 1 8 6
1 .2 8 5 9
0 .3 5 8 3
0 .2 6 7 5
0 .4 1 1 7
0 .4 0 1 9
C otton w ood s
Sapwood
H eartw ood
1 .2 6 3 4
2 .4 5 2 7
0 .2 7 5 3
0 .3 5 1 0
0 .4 5 2 8




0 .0 2 9 0
0 .0 0 1 5
0 .1 5 2 6
0 .0 7 7 1
0 .4 6 5 8
0 .4 4 1 4
Table 13 (Continued)
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S p e c i e s Ĉew rw S a t u r a t io n
D a rcy D a rcy
S o u th e r n  p i n e i  
Sapwood  
H eartw ood
0 .0 0 ^ 8 0 .0 0 5 6 0 .5 3 9 9
B a l d c y p r e s s 1 
Sapwood  
H eartw ood
0 . 0 2 5 1
0 .0 0 0 9
O .O lfl^
0 .1 7 0 8
0 .7 0 9 3
0 .5 3 7 1
S 'N o  m ea su r em e n ts  m ad e. H eartw ood  s p e c im e n s  o f  
s o f t  m ap le  c o l l a p s e d  d u r in g  d r y in g .
u 4
T a b le  1 4 .  A n a ly s i s  o f  v a r ia n c e  o f  th e  m eans o f  th e
r e l a t i v e  p e r m e a b i l i t y  to y w a te r  (k rw ) o f  th e  
s o f tw o o d s  and h a r d w o o d s ^
S o u rc e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e F r a t i o
Wood ty p e 1 0 .3 8 5 9 0 .3 8 5 9 1 5 .6 2 * *
E r r o r 6 2 1 .5 3 0 2 0 .0 2 4 7
T o t a l 63 1 .9 1 6 1
^ M e a n s*  S o ftw o o d s  = 0 .0 8 5 8  H ardwoods “ 0 .2 ? 8 6 *
* *  S i g n i f i c a n t  a t  0 . 0 1 .
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T a b le  15* A n a ly s i s  o f  v a r ia n c e  o f  t h e  m eans o f  th e  
s a t u r a t i o n  o f  th e  s o f tw o o d  and hardw ood  
sp e c im e n s  a t  th e  end o f  .th e  r e l a t i v e  p e r ­
m e a b i l i t y  m e a su r e m e n ts^ /
S o u r c e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a r e  F r a t i o
Wood ty p e 1 0 .0 7 3 6 0 .0 7 3 6  9 . ^ * *
E r r o r 62 0 .4 8 1 7 0 .0 0 ? 8
T o t a l 63 0 .5 5 5 3
^ E le a n s  t S o ftw o o d s  ~ 0*5518 H ardwoods = 0 .4 6 7 5 ,
**  S i g n i f i c a n t  a t o • o •
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b o th  th e  r in g - p o r o u s  and s e m i-r in g - p o r o u s  s p e c im e n s ,  
a b o u t 20 p e r c e n t  o f  th e  p o r e  s p a c e  w as r e s p o n s ib l e  f o r  
a b o u t  80 p e r c e n t  o f  t h e  g a s  p e r m e a b i l i t y ,  w h ile  a b o u t  
3 5  p e r c e n t  p o r e  s p a c e  in  th e  d i f f u s e - p o r o u s  sp e c im e n  
a c c o u n te d  f o r  an e q u a l  p e r c e n t a g e  o f  t h e  p e r m e a b i l i t y  
o f  th e  g a s .  A h ig h e r  p e r c e n ta g e  s a t u r a t i o n  was o b ta in e d  
i n  t h e  d i f f u s e - p o r o u s  wood th a n  in  th e  o t h e r  two t y p e s  
o f  p o r o u s  w ood , i n d i c a t i n g  t h a t  a  h ig h e r  p e r c e n ta g e  o f  
t h e  p o r e  s p a c e  o f  t h e  r in g - p o r o u s  and s e m i-r in g - p o r o u s  
w oods was o c c u p ie d  b y  tr a p p e d  a i r  w h ich  c o u ld  n o t  b e  
d i s p l a c e d  b y  t h e  a p p l ie d  p r e s s u r e .
When a  f l u i d  m oves th r o u g h  th e  c a p i l l a r y  sy s te m  
o f  t h e  s o f t w o o d s ,  i t  m ust t r a v e l  from  o n e  t r a c h e id  t o  
a n o th e r  f o l l o w i n g  a  m ore t o r t u o u s  r o u t e  th a n  i t  w ou ld  
b e when o n ly  a  s i n g l e  s t r a i g h t  c a p i l l a r y  o f  e q u a l  r a d iu s  
i s  i n v o l v e d .  A s i n g l e  f lo w  p a th  w o u ld , t h e r e f o r e ,  i n ­
v o l v e  a  g r e a t e r  v o id  s p a c e  in  t h e  s o f t w o o d . Under a  
s t e a d y - s t a t e  c o n d i t i o n  o f  f lo w  t h e r e  m u st be c o n t i n u i t y  
o f  t h e  l i q u i d  in  t h e  v o id  s p a c e s  in v o lv e d  in  th e  f lo w  
o f  t h a t  p h a se *  To o b t a in  t h i s  c o n t i n u i t y ,  a  g r e a t e r  
vo lu m e o f  l i q u i d  m u st e n t e r  t h e  s p e c im e n . For t h i s  r e a ­
s o n  t h e  s o f tw o o d  a t t a i n e d  a  h ig h e r  p e r c e n t a g e  s a t u r a ­
t i o n  th a n  t h e  h a rd w o o d s.
A h i g h l y  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w as 
o b s e r v e d  b e tw e e n  s p e c i f i c  p e r m e a b i l i t y  and d e g r e e  o f
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s a t u r a t i o n .  The lo w e r  p e r m e a b i l i t y  sp e c im e n s  r e a c h e d  a  
h ig h e r  s a t u r a t i o n  a t  th e  end o f  th e  r u n . I n  lo w  p erm e­
a b i l i t y  w oods th e  f l u i d  m oves s l o w l y  th r o u g h  t h e  p o r e  
s t r u c t u r e .  S in c e  t h e  f l u i d  w as s u p p l ie d  a t  a  c o n s t a n t  
r a te *  a  l a r g e  vo lum e a c c u m u la te d  in  th e  p o r e  s p a c e s  
b e f o r e  a  c o n t in u o u s  l i q u i d  s y s te m  was d e v e lo p e d  from  
one end  o f  th e  sp e c im e n  t o  t h e  o t h e r .  I n  h i g h ly  p erm e­
a b le  w o o d s , t h e  l i q u i d  m oves r a p i d l y  a c r o s s  th e  s p e c i ­
men fo r m in g  a  c o n t in u o u s  s y s te m  and b e g in s  t o  f lo w  o u t  
o f  t h e  o p p o s i t e  end much e a r l i e r  th a n  i n  lo w  p e r m e a b il­
i t y  w o o d s . As a c o n se q u e n c e  t h e r e  i s  l e s s  b u ild u p  o f  
l i q u i d  In  t h e  c a p i l l a r y  s y s te m  i n  p e r m e a b le  w o o d s. S in c e  
th e  l o n g i t u d i n a l  p e r m e a b i l i t y  o f  th e  s o f tw o o d s  i s  lo w e r  
th a n  t h a t  o f  th e  h ard w ood s, t h e  s o f tw o o d s  a t t a i n e d  a  
h ig h e r  d e g r e e  o f  s a t u r a t i o n .  W ith in  a  g i v e n  s p e c i e s ,  th e  
lo w e r  p e r m e a b i l i t y  h ea r tw o o d  a l s o  r e a c h e d  h ig h e r  s a t u ­
r a t i o n  th a n  t h e  sap w ood .
The lo w e r  r e l a t i v e  p e r m e a b i l i t y  o f  t h e  s o f tw o o d s  
may b e  a c c o u n te d  f o r  b y  th e  r e d u c t io n  i n  p e r m e a b i l i t y  
o f  th e  sp e c im e n s  due t o  p i t  a s p i r a t i o n  c a u s e d  b y  d r y in g .  
A m ic r o s c o p ic  e x a m in a t io n  o f  t h e  p i t  m em branes o f  u n ­
d r ie d  b a ld c y p r e s s  sp e c im e n s  r e v e a le d  a b o u t  26 p e r c e n t  
p i t  a s p i r a t i o n  in  t h e  sapw ood sp r in g w o o d , w h ile  k?  p e r ­
c e n t  a s p i r a t i o n  w as n o te d  i n  t h e  u n d r ie d  h e a r tw o o d  
(T a b le  1 6 ) .  D r y in g  in c r e a s e d  p i t  a s p i r a t i o n  in  t h e  s a p -
n e
T a b le  1 6 .  P e r c e n ta g e  a s p i r a t i o n  o f  t h e  sp r in g w o o d
b o r d e r e d  p i t s  in  g r e e n  and a i r  d r ie d  b a ld -  
c y p r e e s
Number o b s e r v e d  P e r c e n t
S p ec im en ________ A s p ir a te d  U n a sp ir a te d  A s p ir a t io n
G reen  sapw ood 26 7** 2 6 . 0 0
G reen h ea r tw o o d 32 36 4 7 .0 6
D r ie d  sapw ood
33 32 5 0 .7 7
36 50 4 1 .8 6
32 57 3 5 .9 6







6 6 . 6 7
60.98
7 ^ .3 6
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wood 4 2  -  57 p e r c e n t  and 60  -  7 4  p e r c e n t  in  th e  h e a r t ­
w ood . W ith r e d u c e d  p e r m e a b i l i t y ,  a  h ig h e r  p r e s s u r e  g r a ­
d ie n t  was n e e d e d  t o  f lo w  th e  w a te r  a c r o sB  th e  sp e c im e n ,  
th u s  r e s u l t i n g  i n  d r a s t i c  r e d u c t io n  in  t h e  r e l a t i v e  
p e r m e a b i l i t y  o f  th e  s p e c im e n s . In  s o u th e r n  p in e  th e  
r e l a t i v e  p e r m e a b i l i t y  was fo u n d  t o  be v e r y  low  ( 0 .0 0 0 5  
a s  shown in  T a b le  3 3 . A p p en d ix  I I I )  w h ic h  can  be a t t r i b ­
u te d  t o  p i t  a s p i r a t i o n .
P e r m e a b i l i t y  v e r s u s  T r e a t a b i l i t y
The t r e a t a b i l i t y  p a r a m e te r s  u se d  i n  t h i s  s tu d y  
a r e  th e  am ount o f  p r e s e r v a t i v e  r e t a in e d  in  th e  wood 
e x p r e s s e d  a s  a  r a t i o  o f  th e  volum e o f  wood ( l b / c u  f t )  
and t h e  d ep th  t o  w h ich  t h e  sp e c im e n  w as p e n e tr a te d  
( in c h )  by th e  p r e s e r v a t i v e .  A v era g e  p e n e t r a t io n  was 
ta k e n  a s  th e  mean o f  th e  minimum and maximum d e p th  o f  
p e n e t r a t i o n .  Where a  sp e c im e n  was t o t a l l y  p e n e t r a t e d ,  
t h e  d e p th  o f  p e n e t r a t io n  w as ta k e n  a s  h a l f  th e  l e n g t h  
o f  th e  sp e c im e n . I n  c a s e s  w here p e n e t r a t i o n  was s e l e c ­
t i v e  o r  s p o r a d ic  due t o  d i f f e r e n t i a l  p e n e t r a t io n  b e tw een  
th e  sp r in g w o o d  and summerwood, th e  s u r f a c e  a r e a  p e n e ­
t r a t e d  w as a s s e s s e d  and t h e  d e p th  o f  p e n e t r a t i o n  w as 
c a l c u l a t e d  b y  a p p ly in g  t h e  p e r c e n ta g e  a r e a  p e n e tr a t e d  
t o  h a l f  t h e  l e n g t h  o f  th e  s p e c im e n .
The mean a b s o r p t io n  and p e n e t r a t io n  v a lu e s  f o r
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c o p p e r  s u l f a t e  and c r e o s o t e  f o r  sapw ood and h ea rtw o o d  
o f  e a c h  s p e c i e s  a r e  shown in  T a b le  1?* R e g r e s s io n  a n a l ­
y s e s  w ere  a p p l ie d  b e tw e en  t r e a t a b i l i t y  and th e  c o r r e ­
s p o n d in g  p e r m e a b i l i t y  v a lu e s  o f  th e  sp e c im e n s  (T a b le s  
1 , 3 and 1 7 ) •  S in c e  t h e  p e r m e a b i l i t y  o f  th e  sa m p le s  
t r e a t e d  w ith  c r e o s o t e  w as p u r p o s e ly  n o t  m ea su red , th e  
p e r m e a b i l i t y  v a l u e s  o f  m atch ed  sa m p le s  w ere  a p p l i e d .  
V a r io u s  t r e a t a b i l i t y - v a l u e  g r o u p s  w ere  r e g r e s s e d  and  
c o r r e l a t e d  w ith  t h e i r  c o r r e s p o n d in g  p e r m e a b i l i t i e s .
T h ese  g r o u p s  w ere  a n a ly z e d  in  term s o f  v a r io u s  wood  
t y p e s i  s o f tw o o d , hardw ood ( r in g - p o r o u s ,  s e m i - r i n g -  
p o r o u s  and d i f f u s e - p o r o u s ) ,  sapw ood and h e a r tw o o d . The 
r e s u l t s  a r e  shown in  T a b le s  18  th r o u g h  25« In  a d d i t i o n ,  
a  r e g r e s s i o n  a n a l y s i s  w as made t o  d e te r m in e  th e  b e s t  
one o r  tw o in d e p e n d e n t  v a r i a b l e ( s )  ( i . e . ,  lo g a r it h m  
o f  v a r io u s  p e r m e a b i l i t i e s )  f o r  p r e d i c t i n g  th e  v a r io u s  
d e p e n d e n t v a r i a b l e s  ( i . e . ,  t r e a t a b i l i t y  v a l u e s )  b y  th e  
Ra-Im p rovem en t M ethod . O n ly  t h e  hardw ood v a lu e s  w ere  
u se d  i n  th e  a n a l y s i s  s i n c e  t h e r e  w ere some m is s in g  v a l ­
u e s  in  th e  s o ftw o o d B . The r e s u l t s  a r e  shown in  T a b le  2 6 .
T y p ic a l  r e l a t i o n s h i p s  b e tw e e n  a b s o r p t io n  and l o g ­
a r ith m  o f  p e r m e a b i l i t y ,  and b e tw e e n  p e n e t r a t io n  and l o g ­
a r ith m  o f  p e r m e a b i l i t y  a r e  show n in  F ig u r e s  18 and 1 9 , 
r e s p e c t i v e l y .  T h ese  p r e s e n t  d a ta  from  an  e x p e r im e n t  in  
w h ich  t h e  sp e c im e n s  w ere  t r e a t e d  w ith  c o p p e r  s u l f a t e
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T a b le  1 7 .  A v e ra g e  a b s o r p t i o n  and p e n e t r a t i o n  o f  c o p p e r  
B u l f a t e  and c r e o s o t e  i n  sapwood and h e a r t ­
wood s p e c i m e n s
C opper s u l f a t e ____________ C r e o s o te
S p e c ie s Abs o P e n . A b s . P e n .
l b / c u  f t in c h l b / c u  f t in c h
B la c k  l o c u s t i  
Sapwood  
H eartw ood
1 . 4 3 4 5
0 . 3 7 0 8
0 . 6 0 6
0 . 4 4 3
1 5 . 5 5 9 6
5 . 9 0 6 4
O.6 0 6
0 . 3 0 8
A m erican  elm t 
Sapwood  
H eartw ood
1 . 7 3 0 0
0 . 6 3 4 9
0 . 6 0 2
0 . 5 1 0
1 0 . 8 0 0 3
7 . 8 9 2 2
0 . 6 1 4
0 . 5 7 1
W h ite  o a k i
Sapwood
H eartw ood
0 . 5 5 2 3
0 . 1 7 9 5
0 . 4 3 8
0 . 0 9 9
5 * 5 5 8 2
2 . 2 6 1 3
0 .2 7 8
0 . 1 4 7




1 .2 8 8 0
0 . 5 9 5
0 . 5 9 3
6 . 6 3 7 8
8 . 4 3 0 1
0 . 5 2 6




1 . 4 0 0 5
1 . 0 4 5 8
0 .5 8 6
0 . 5 7 4
1 1 . 5 9 5 5
9 . 5 6 8 2
0 . 6 0 3




0 . 7 0 3 7
0 . 7 9 7 4
0 . 4 4 6
0 . 4 9 2
7 . 9 4 1 9
8 . 6 1 8 5
0 . 3 9 5
0 . 4 3 5
S o f t  m a p le i
Sapwood /  
H ea rtw o o d -7̂
O . I 694 0 . I 63 2 . 9 6 7 9 0 . 3 8 5
B la c k  w i l lo w i  
Sapwood 
H eartw ood
1 . 2 9 2 3
1 . 1 4 9 1
0 . 5 4 6
0 . 5 7 6
1 0 . 9 1 8 4
2 . 4 7 4 0
0 . 5 5 7




1 . 1 6 1 6
1 . 1 5 5 5
0 . 5 9 6
0 .6 0 0
1 0 . 4 1 7 4
IO . 3 1 7 8
0 . 5 2 5




0 . 4 9 8 8
0 . 2 3 8 9
0 . 3 0 4




C opper s u l f a t e C r e o s o te
S p e c ie s A b s. P e n . A b s. P e n .
l b / c u  f t in c h l b / c u  f t in c h
S o u th e r n  p i n e i  
Sapwood  
H eartw ood
0 .5 9 1 8
O. 1 6 6 5
0 .4 7 7
0 .3 5 6
3 .4 4 7 6
1 . 8 1 1 3
0 . 3 8 1
0 .2 2 9
B a ld c y p r e s s i  
Sapwood  
H eartw ood
0 .7 5 9 4
0 .3 3 2 3
0 .4 4 4
0 . 2 9 6
3 . 6 6 8 0
3 .8 2 9 0
0 .4 2 3
0 .2 7 1
^ H e a r tw o o d  sp e c im e n s  o f  s o f t  m aple c o l l a p s e d  d u r­
in g  d r y in g .
No redw ood sp e c im e n s  f o r  c r e o s o t e  t r e a t m e n t .
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T a b le  1 8 . R e s u l t s  o f  r e g r e s s i o n  and c o r r e l a t i o n  a n a l ­
y s e s  o f  th e  t r e a t a b i l i t y  on th e  lo g a r i th m  
o f  p e r m e a b i l i t y  o f  a l l  sp e c im e n s  ( R e g r e s s io n  
c o e f f i c i e n t .  Y - i n t e r c e p t  and c o r r e l a t i o n  
c o e f f i c i e n t )
T r e a t a b i l i t y
Perm e­
a b i l i t y
C opper s u l f a t e C r e o s o te
n A b s . P e n . n A b s. P e n .
*w l 70 0 . 2?k? 0 .9 8 6 1  
0 .7 8 5 9 * *
0 .0 8 7 1
0 .5 0 9 5
0 .8 0 4 8 * *
66 1 .8 6 3 3
8 .3 4 4 4
0 .7 0 7 2 * *
0 . 0 8 7 8
0 .4 9 2 3
0 .7 9 3 9 * *
51 o , 665k
0 .6 0 4 1
0 .8 4 3 0 * *
0 .1 4 3 0
0 .4 3 2 5
0 ,6 9 1 7 * *
51 3 .7 0 1 7
6 .5 2 3 3
0 .6 7 3 4 * *
0 .1 1 4 4
0 .4 3 5 9
0 . 5 6 1 2 **
70 0 .3 4 2 5
0 . 7 0 5 8
0 .7 4 5 7 * *
0 .1 0 4 5
0 .4 2 2 5
0 .7 3 4 8 * *
66 2 .5 8 9 7
6 .3 4 8 5
0 . 7 5 6 6 **
0 .1 1 8 1
0 .3 9 9 9
0 .8 1 8 3 * *
60 0 .4 0 2 8
O.6 9 8 3
0 .7 5 2 7 * *
0 .1 0 7 1
0 .4 3 1 9
0 .7 0 7 7 * *
57 2 .8 2 6 4
6 .2 1 4 3
0 . 6 9 2 0 **
0 . 1 1 3 2
0 .4 1 4 7
0 .7 2 3 1 * *
^ew 64 0 .2 9 8 51 . 0 6 6 5
0 .7 7 0 8 * *
0 . 0 7 8 8
0 .5 2 9 7
0 .7 1 5 9 * *
60 2 . 2 9 6 6
8 .9 4 7 7
0 .7 4 8 3 * *
0 .0 7 6 3
0 .5 1 4 5
0 . 6 9 9 6 **
^ Only hardwood specimens have values.
** Significant at 0.01.
1 2 4
T a b le  1 9 . R e s u l t s  o f  r e g r e s s i o n  and c o r r e l a t i o n  a n a l ­
y s e s  o f  th e  t r e a t a b i l i t y  on t h e  lo g a r it h m  
o f  p e r m e a b i l i t y  o f  a l l  sapw ood sp e c im e n s  
( R e g r e s s io n  c o e f f i c i e n t .  Y - in t e r c e p t  and  
c o r r e l a t i o n  c o e f f i c i e n t )
T r e a t a b i l i t y
P erm e­
a b i l i t y
C opper s u l f a t e C r e o s o te
n A b s. P en . n A b s . P e n .
*w l 38 0 .4 3 0 81 . 0 0 6 9
0 .7 4 9 0 * *
0 .1 4 1 3
0 .4 9 2 7
0 . 871 8 **
36 3 .0 1 6 9
8 .2 3 5 9
0 .6 3 1 3 * *
O.O697
0 .4 8 4 4
0 . 5 0 9 2 **
30 0 .7 7 7 9
0 . 5 2 6 1
O .8765 **
0 .2 1 6 4  
0 . 3 5 0 2  
0 . 8574 **
30 5 .0 6 9 3  
5 .5 3 1 8  
0 .7 6 2 0 * *
0 .1 3 3 1
0 .4 0 4 8
0 .6 2 8 1 * *
38 0 .5 5 1 5
0 .5 7 9 3
0 .7 1 5 8 * *
0 .1 1 2 1
0 .4 0 6 0
0 .5 1 5 8 * *
36 4 .8 5 9 2
4.1*944
0 .7 6 9 5 * *
0 . 1 1 0 6
0 .3 9 9 3
0 .6 1 1 1 * *
** 35 O. 6 3 8 9  0 .5 3 4 2  
0 .7 9 0 4 * *
0 .1 3 8 8
0 .3 8 9 7
0 .6 0 9 4 * *
34 4 .7 5 3 4
4 .5 4 8 7
0 . 7 6 2 2 **
0 . 1 3 C6
0 .3 8 5 5
0 .6 8 0 6 * *
kew 38 0 .3 2 1 01 .1 0 9 5
0 .7 3 4 4 * *
0 .0 7 3 6
0 .5 1 6 3
O .5975**
36 2 .8 4 1 2
9 .0 6 8 6
0 .7 7 0 6 * *
0 .0 6 3 0
0 .5 0 3 0
0 .5 9 6 5 * *
^Only hardwood specimens have Iê  values.
** Significant at 0.01.
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T a b le  2 0 , R e s u l t s  o f  r e g r e s s i o n  and c o r r e l a t i o n  a n a l ­
y s e s  o f  t h e  t r e a t a b i l i t y  on t h e  lo g a r ith m  
o f  p e r m e a b i l i t y  o f  a l l  h ea r tw o o d  sp e c im e n s  
( R e g r e s s io n  c o e f f i c i e n t ,  Y - i n t e r c e p t  and  
c o r r e l a t i o n  c o e f f i c i e n t )
T r e a t a b i l i t y
Perm e­
a b i l i t y
C opper s u l f a t e C r e o s o te
n A b s. P e n . n Abs • P e n .
kw l 32 0 . 2 1 9 60 .9 0 4 8
0 .8 5 8 9 * *
O.0 7 8 7
0 .5 2 0 9
0 ,8 1 4 2 * *
30 1 .5 4 9 5
8 . 1 1 3 8
0 . 8 7 3 9 **
0 . 0 9 6 6
0 .5 1 1 5
0 .8 8 6 4 * *
21 0 .4 8 0 5
0 ,6 8 5 5
0 .7 7 8 9 * *
0 .0 6 7 1
0 .5 0 8 5
0 .5 5 5 2 * *
21 1 .5 1 5 3
7 .5 4 3 4
0 .4 6 9 3 * *
0 .1 0 9 3
0 .4 6 2 7
0 .5 3 1 7 * *
kg
32 0 . 2 6 7 0
0 . 6 6 7 1
0 .8 0 9 7 * *
0 .1 0 8 1
0 .4 3 4 9
O .8 6 6 7 **
30 2 .0 0 8 5
6 .4 4 3 7
0 .8 8 3 5 * *
0 .1 2 3 5
0 .4 0 7 5
0 .8 8 3 3 * *
kk 25 0 . 2 8 8 30 . 7 0 6 0
0 ,7 9 3 2 * *
0 .1 0 4 7
0 .4 5 7 6
0 .9 1 3 8 * *
23 1 .8 2 0 2
6 . 8 5 7 0
0 .7 9 3 9 * *
0 .1 1 3 1
0 . 4 3 7 6
0 .8 0 4 4 * *
kew 26 0 .2 5 9 10 . 9 8 5 8
0 , 8 3 5 2 **
0 .0 8 9 4
0 .5 5 ^ 5
0 . 9 1 8 1 **
24 1 .5 4 1 2
8 .5 5 9 4
0 .7 9 1 2 * *
0 .0 9 7 9
0 .5 3 8 5
0 .8 4 4 4 * *
&  Only hardwood specimens have values*
** Significant at 0*01.
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T a b le  2 1 .  R e s u l t s  o f  r e g r e s s i o n  and c o r r e l a t i o n  a n a l ­
y s e s  o f  th e  t r e a t a b i l i t y  on t h e  lo g a r i th m  
o f  p e r m e a b i l i t y  o f  th e  hardw oods (R e g r e s s io n  
c o e f f i c i e n t ,  Y - i n t e r c e p t  and c o r r e l a t i o n  
c o e f f i c i e n t )
T r e a t a b i l i t y
Perm e­
a b i l i t y
C op per s u l f a t e C r e o s o te
n Abs • P e n . n Abs • P e n .
kw l 54 0 .2 9 7 11 .0 3 5 7
O .7 6 9 7 **
0 . 1 0 6 8
0 .5 1 9 2
0 .8 6 8 9 * *
54 1 .9 8 6 2
8 .8 7 5 6
0 .7 2 2 1 * *
0 .0 9 9 3
0 . 5 0 1 1
0 .7 8 5 6 * *
K z 51 0 .6 6 5 4  0 .6 o 4 l  
0 . 8 4 3 0 **
0 .1 4 3 0
0 .4 3 2 5
0 .6 9 1 7 * *
51 3 .7 0 1 7
6 .5 2 3 3
0 . 6 7 3 4 **
0 .1 1 4 4
0 .4 3 5 9
0 .5 6 1 2 * *
kg
54 0 .3 9 5 8
0 . 6 6 9 4
0 .6 8 7 0 * *
0 .1 4 8 5
0 .3 8 2 6
0 .8 0 9 9 * *
54 2 . 7 6 8 9
6 .3 2 9 9
0 . 6 7 4 6 **
0 .1 5 4 2
0 . 3 6 1 2
0 .8 1 7 8 * *
\
49 0 .7 0 4 4
0 .4 1 7 6
0 .7 6 5 3 * *
0 .1 3 9 5
0 .4 0 1 9
0 .5 7 8 6 * *
49 3 .8 5 2 1
5 .4 1 4 7
0 .6 4 7 5 * *
0 . 1 6 0 8
0 . 3 7 0 1
0 .7 6 5 3 * *
kew 51 0 .5 3 5 50 . 1 0 3 0
0 .8 0 1 4 * *
0 .1 2 2 3  
0 .5 2 4 0  
0 . 6 9 9 1 **
51 3 . 0 9 1 6
8 . 8 9 2 5
0 .6 6 4 4 * *
0 . 1 0 6 9
0 . 5 0 9 I
0 .6 1 9 5 * *
** Significant at 0.01.
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T a b le  2 2 . R e s u l t s  o f  r e g r e s s i o n  and c o r r e l a t i o n  a n a l ­
y s e s  o f  t h e  t r e a t a b i l i t y  on  t h e  lo g a r i th m  
o f  p e r m e a b i l i t y  o f  th e  s o f t w o o d s £ / ( R e g r e s ­
s i o n  c o e f f i c i e n t ,  Y - in t e r c e p t  and c o r r e l a ­
t i o n  c o e f f i c i e n t )
T r e a t a b i l i t y
P erm e­
a b i l i t y
C opper s u l f a t e C r e o s o te
n A b s. P e n . n A b s. P e n .
*w l 16 0 .1 3 2 70 . 6 2 9 0
0 .8 5 3 2 * *
0 . 0 3 0 2
0 .4 0 7 1
0 .4 7 7 8
12 0 . 3 5 1 9  
3 .7 3 3 6  
0 .5 5 4 5
0 .0 4 4 4  
0 .3 9 4 6  
0 .8 5 9 4 * *
* g
16 0 .1 5 7 2
0 .5 5 2 3
0 .6 1 7 4 * *
0 .0 1 5 9
0 .3 7 5 2
0 .1 5 2 4
12 0 . 3 7 2 1  
3 .5 6 2 9  
0 .2 9 7 4
0 .0 8 5 4
0 .4 1 1 7
0 .8 3 7 8 * *
11 0 . 2 2 6 2
0 .6 6 5 5
0 . 8 8 2 8 **
0 . 0 8 6 2
0 .4 2 6 2
0 .7 3 0 9 *
8 - 0 .1 0 8 7  
3 .7 2 8 1  
- 0 .1 8 5 7
0 .0 7 5 0
0 .4 1 2 1
0 . 8 3 1 0 *
kew 13 0 .1 9 9 50 .9 7 3 2
O .6 7 3 9 *
0 .0 4 1 7
0 .4 6 4 0
0 .2 8 4 1
9 - 0 .0 5 4 5  
3 .5 1 5 2  
- 0 .0 5 8 3
0 . 0 8 2 3
0 .5 5 9 1
0 .7 7 8 9 * *
^ O n l y  hardw ood sp e c im e n s  h ave  v a l u e s .  
* S i g n i f i c a n t  a t  0 .0 5 .
** Significant at 0.01.
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T a b le  2 3 . R e s u l t s  o f  r e g r e s s i o n  and c o r r e l a t i o n  a n a l ­
y s e s  o f  th e  t r e a t a b i l i t y  on th e  lo g a r ith m  
o f  p e r m e a b i l i t y  o f  th e  r in g - p o r o u s  s p e c i ­
mens ( R e g r e s s io n  c o e f f i c i e n t ,  Y - in t e r c e p t  
and c o r r e l a t i o n  c o e f f i c i e n t )
T r e a t a b i l i t y
P erm e­
a b i l i t y
C opper s u l f a t e C r e o s o te
n A b s . P e n . n A b s. P en .
*Wi 24 0 .3 1 2 5  1 .0 9 6 2  
0 3 8 0 3 2 **
O .IO 67
0 . 5 3 8 2
0 .9 1 5 6 * *
24 1 .9 8 4 8
8 . 8 3 1 2
O .7 2 9 8 **
0 .1 2 4 4
0 .5 0 1 4
0 .8 9 9 5 * *
kw2 21 0 .6 0 4 10 .6 4 4 2
0 . 7 8 8 8 **
0 .0 6 4 8
0 .4 9 7 4
0 ,5 3 6 9 *
21 2 . 8 8 1 5
6 . 7 1 3 1
0 .5 4 9 7 * *
0 .0 9 9 0
0 .4 2 9 3
0 .4 7 5 0 *
2k 0 , 3 6 3 0
0 .7 4 2 8
0 .7 3 5 0 * *
0 . 1 3 8 0
0 .4 0 9 8
O .9 3 3 0 **
24 2 .3 9 1 4
6 .5 3 9 9
O .6 9 2 6 **
0 .1 4 9 4
0 . 3 5 8 0
0 .8 5 H * *
kk 20 0 .6 6 5 10 .5 1 1 2
0 .7 8 4 2 * *
O.O889
0 .4 6 8 6
0 .6 6 4 3 * *
20 2 .9 9 3 8
5 . 8 8 6 8
0 .6 1 1 5 * *
0 . 1 6 2 6
0 .3 6 2 7
0 .7 0 7 1 * *
k ew 21 0 . 6 0 0 3  1 .0 4 0 7
0 . 7 4 7 7 **
0 .0 6 3 1
0 .5 3 9 9
0 .4 9 9 0 *
21 2 .9 7 3 0
8 ,6 0 2 1
0 .5 4 0 9 *
0 . 1 0 9 6
0 .4 9 4 0
0 .5 0 1 3 *
* S i g n i f i c a n t  a t  0 .0 5 *
**  S i g n i f i c a n t  a t  0 .0 1 .
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T a b le  2 4 .  R e s u l t s  o f  r e g r e s s i o n  and c o r r e l a t i o n  a n a l ­
y s e s  o f  t h e  t r e a t a b i l i t y  o n  t h e  lo g a r i t h m  
o f  p e r m e a b i l i t y  o f  t h e  d i f f u s e - p o r o u s  s p e c ­
im en s ( R e g r e s s i o n  c o e f f i c i e n t ,  Y - i n t e r c e p t  
and c o r r e l a t i o n  c o e f f i c i e n t )
T r e a t a b i l i t y
P erm e­
a b i l i t y
C o p p er  s u l f a t e C r e o s o t e
n A bs • P e n . n A b s . P e n .
* w l 1 5 0 . 2 6 0 60 .9 0 9 4
0 . 6 6 3 6 * *
0 .1 1 4 4
0 .4 8 9 9
0 . 8 0 9 2 **
15 2 .0 5 8 7
8 .8 1 8 4
0 . 7 7 1 8 **
0 . 0 3 0 2
0 .4 9 6 1
0 .3 2 9 5
k w2 1 5 0 .7 2 8 ?0 . 5 1 2 2
0 .9 3 1 6 * *
0 . 2 6 5 2
0 . 3 3 8 8
0 .9 4 1 2 * *
15 4 .9 5 6 3
6 . 0 2 2 2
0 .9 3 3 0 * *
0 .1 4 8 2
0 .4 2 2 8
0 .8 1 1 5 * *
kg 15
1 . 0 3 8 6
- 0 .1 2 0 9
0 .8 3 3 6 * *
0 .4 2 4 5
0 . 0 6 6 1
0 .9 4 6 1 * *
15 7 . 7 I H  
1 . 1 2 6 9  
0 .9 1 1 4 * *
0 .1 9 5 9
0 .3 0 7 9
0 .7 6 3 3 * *
k k 15 0 .7 7 5 20 .2 0 4 7
0 .7 8 2 5 * *
0 . 2 6 6 6
0 .2 3 9 3
0 .7 4 7 1 * *
15 5 .0 1 6 9
4 .1 3 4 9
0 .7 4 5 7 * *
0 .1 6 1 8
0 .3 5 7 1
0 .6 9 9 1 * *
k ew ‘ 15 0 .4 8 6 20 . 9 6 7 6
0 .8 8 5 6 * *
O .I 6 9 6
0 .5 0 2 4
O .8 5 7 8 **
15 3 .2 5 2 4
9 .1 0 3 5
0 .8 7 2 4 *
0 .1 1 8 6
0 .5 2 1 3
0 .9 2 5 1 * *
*  S i g n i f i c a n t  a t  0 .0 5 *
* *  S i g n i f i c a n t  a t  0 . 0 1 .
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T a b le  2 5 -  R e s u l t s  o f  r e g r e s s i o n  and c o r r e l a t i o n  a n a l ­
y s e s  o f  t h e  t r e a t a b i l i t y  on t h e  l o g a r i t h m  
o f  p e r m e a b i l i t y  o f  t h e  s e m i - r i n g - p o r o u s  
s p e c im e n s  ( R e g r e s s io n  c o e f f i c i e n t ,  Y - i n t e r -  
c e p t  and c o r r e l a t i o n  c o e f f i c i e n t )
T r e a t a b i l i t y
P erm e­
a b i l i t y
C op p er s u l f a t e C r e o s o t e
n A b s . P e n . n A b s , P e n .
kw l 15 0 . 1 3 0 81 .1 4 6 1
0 .3 4 5 0
0 .0 4 4 0  
0 .5 5 1 4  
0 . 3 2 1 0
1 5 - 0 .5 3 4 3
1 0 .2 6 0 3
- 0 . 0 8 5 1
0 . 1 0 7 0
0 . 4 9 8 7
0 . 5 6 7 9 *
*w2 15 0 .3 2 9 80 .9 4 2 8
0 .4 7 3 7
- 0 .0 6 2 4
0 .6 2 3 5
- 0 .2 4 8 0
15 5 -2 6 1 7
5 .7 3 4 3
0 .4 5 6 2
- 0 .0 4 4 6
0 .5 8 7 2
- 0 .1 2 8 8
15 0 .3 5 7 5
0 .8 2 7 6
0 .4 6 3 7
- 0 .1 2 0 9
0 .7 0 2 3
- 0 .4 3 4 0
15 4 .1 0 5 8  
5 . 6 0 5 6  
0 . 3 2 1 5
0 .0 1 3 1
0 .5 3 7 1
0 .0 3 4 1
k k 14 0 .3 4 0 90 .8 6 4 1
0 .5 0 5 1
- 0 .0 7 2 1
0 .6 4 3 4
- 0 .3 0 4 3
1 4 5 .2 4 9 7
4 .6 6 1 4
0 .4 6 9 7
- 0 .0 3 9 6
0 .5 9 5 9
- 0 .1 2 2 0
k ew 15 0 .1 2 6 6  1 .1 7 4 9  
0 . 2 9 1 0
- 0 .0 7 4 7
0 .5 9 3 7
- 0 .4 7 5 6
15 2 .3 4 8 9
9 .3 4 5 4
0 .3 2 6 0
- 0 . 0 3 1 4
0 .5 5 9 8
- 0 .1 4 5 2
* Significant at 0.05*
T a b le  2 6 . R e s u lt s  o f  a  maximum R3-im provem ent p ro ced u re  o f  d e te r m in in g  th e  b e s t  
in d ep en d en t v a r i a b l e ( s )  ( lo g a r ith m  o f  p e r m e a b i l i t y )  f o r  p r e d ic t in g  th e  
dep en d en t v a r ia b le  ( t r e a t a b i l i t y )  f o r  th e  hardwood sp e c im e n s^ /
D ependent
v a r ia b le s
In d ep en d en t
v a r ia b le s Rs R e g r e s s io n  e q u a tio n s
Copper s u l f a t e i
A b so r p tio n kw2 0 .7 0 7 4 * * Y = 0 .6 0 3 2  + 0 .6 7 3 6  Log10l%2
kw2» 0 , 7452** Y = 0 .^ 80^ + 0 .4 9 1 6  Log10kw2 + 0 .2 7 5 3  L o g i0kfc
P e n e t r a t io n kwl 0 . 5766** Y = 0 .5 1 9 9  + 0 .0 9 9 8  L ogiokw l
K l » kew 0 . 629 0 ** Y = 0 .5 2 1 4  + 0 .0 7 0 6  L o g io k .^  + 0 .0 5 6 1  Log10kew
C r e o s o te i
A b so r p tio n 0 .4 8 5 1 * * Y - 3 .1 7 8 5  + 5 .7 6 0 2  Log^Qkg
k g , kew 0 .5 2 2 5 * * Y = 5 .0 9 5 5  + 3 .7 8 9 6  LogjQkg + 1*3318 Log^o^ew
P e n e tr a t io n 0 .4 5 6 0 * * Y = 0 .3 7 0 1  + 0 .1 6 0 8  Logiokfc
kk* kew 0 .4 8 8 1 * * Y = 0 .4 1 0 0  + 0 ,1 1 5 2  LogiQkjf + 0 .0 4 5 6  L o g i0kew
- 'O n ly  v a lu e s  o f  hardwood sp ec im en s w ere u sed  in  th e  a n a ly s e s  b eca u se  o f  m is s ­
in g  v a lu e s  o f  th e  so ftw o o d  sp e c im e n s .
















Y = 0 .9 8 6 1  + 0 .2 7 ^ 7  Log1(J K, 
r  = 0 .7 8 5 9 * *
0001 .001 1 .0
L ogarithm  o f  P e r m e a b il i ty
F ig u re  1 8 . T y p ic a l r e l a t io n s h ip  b etw een  t r e a t a b i l i t y  (a b s o r p t io n )  and th e  
lo g a r ith m  o f  p e r m e a b i l i t y .  In  t h i s  graph th e  f lo w  medium fo r  
p e r m e a b il i ty  d e te r m in a t io n  was w a ter  in  n e v e r -d r ie d  c o n d it io n  
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L ogarith m  o f  P e r m e a b il i ty  ( k ^ )
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F ig u r e  1 9 . T y p ic a l  r e l a t io n s h ip  b etw een  t r e a t a b i l i t y  ( p e n e t r a t io n )  and th e  
lo g a r ith m  o f  p e r m e a b i l i t y .  In  t h i s  graph th e  f lo w  medium f o r  
p e r m e a b i l i t y  d e te r m in a t io n  was w a te r  in  n e v e r -d r ie d  c o n d it io n  
o f  th e  sp ec im en s and th e  p r e s e r v a t iv e  was co p p er  s u l f a t e .
13^
and t h e  p e r m e a b i l i t y  v a l u e s  w ere  o b t a in e d  w i t h  w a te r  
in  n e v e r - d r i e d  s p e c im e n s .  T h ese  p l o t s  t y p i f y  th e  r e l a ­
t i o n s h i p s  o f  t r e a t a b i l i t y  ( e i t h e r  a b s o r p t io n  o r  p e n e ­
t r a t i o n )  w ith  v a r io u s  p e r m e a b i l i t y  v a l u e s  and t h e y  
i n d i c a t e  t h e  d i s t r i b u t i o n  o f  t r e a t a b i l i t y  v a l u e s .
H ig h ly  s i g n i f i c a n t  r e g r e s s i o n s  and c o r r e l a t i o n s  
w ere  o b t a in e d  b e tw e e n  t h e  t r e a t a b i l i t y  p a r a m e te r s  u s in g  
c o p p e r  s u l f a t e  o r  c r e o s o t e  and t h e  c o r r e s p o n d in g  p erm e­
a b i l i t y  v a l u e s  o f  t h e  s p e c im e n s ,  when a l l  th e  sp e c im e n s  
w ere  a n a ly z e d  t o g e t h e r  (T a b le  1 8 ) .  S im i la r  r e s u l t s  w ere  
o b t a in e d  w ith  t h e  sap w ood  (T a b le  1 9 ) and w i t h  th e  h e a r t ­
wood (T a b le  20)  s p e c im e n s .  H ow ever, in  a n a ly z in g  s p e ­
c i f i c  v a l u e s  b a se d  on  d i f f e r e n c e s  i n  wood s t r u c t u r e ,  i t  
w as fo u n d  t h a t  t h e  t r e a t a b i l i t y  v a l u e s  o f  t h e  h ard w ood s  
(T a b le  21 )  w ere  h i g h l y  c o r r e l a t e d  w i t h  a l l  t h e  p erm e­
a b i l i t y  v a l u e s .  In  t h e  s o f tw o o d s  (T a b le  2 2 ) ,  t h e r e  w as  
no s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  t h e  p e n e t r a t i o n  o f  
c o p p e r  s u l f a t e  and p e r m e a b i l i t y ,  and b e tw e e n  a b s o r p t io n  
o f  c r e o s o t e  and p e r m e a b i l i t y .  In  a d d i t i o n ,  t h e r e  w ere  
som e n e g a t i v e  s l o p e s  in  t h e  r e g r e s s i o n  e q u a t io n s  w h ic h  
w ere  n o t  s i g n i f i c a n t .  Among th e  h ard w ood s ( T a b le s  23 ,
2k  and 2 5 ) ,  t h e  s e m i - r in g - p o r o u s  w ood s sh ow ed  t h e  lo w e s t  
c o r r e l a t i o n  b e tw e e n  t r e a t a b i l i t y  and p e r m e a b i l i t y .  T h ere  
w as no s i g n i f i c a n t  c o r r e l a t i o n  in  m o st c a s e s .
The r e s u l t s  o b t a in e d  in  t h i s  s t u d y  c l e a r l y  show
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t h a t  t r e a t a b i l i t y  i s  a  f u n c t i o n  o f  p e r m e a b i l i t y ,  and 
t h e y  g e n e r a l l y  a r e  in  a g reem en t w ith  th e  o b s e r v a t io n s  
o f  o t h e r  i n v e s t i g a t o r s  (E r ic k s o n  and E s te p  1 9 6 2 , T e so r o  
e t  a l  1 9 6 6 , S ia u  and Shaw 1971* Choong and F ogg 1 9 7 2 , 
Choong e t  a l  1 9 7 2 ) .  B e t t e r  c o r r e l a t i o n s  w ere n o t e d ,  
h o w ev e r , in  t h i s  s t u d y  th a n  t h o s e  o f  o t h e r  i n v e s t i g a ­
t o r s  (C hoong and F ogg  1 9 7 2 , Choong e t  a l  1 9 7 2 ) .  Choong  
and F ogg  (1 9 7 2 )  o b ta in e d  s i g n i f i c a n t  c o r r e l a t i o n s  w ith  
b o th  r e t e n t i o n  and p e n e t r a t io n  o f  c r e o s o t e  and l o n g i ­
t u d in a l  g a s  p e r m e a b i l i t y  in  s h o r t l e a f  p i n e .  H ow ever, 
t h e y  f a i l e d  to  d e t e c t  a  s i g n i f i c a n t  c o r r e l a t i o n  in  y e l ­
lo w  p o p la r  when th e  l o n g i t u d i n a l  v a lu e s  w ere  a n a ly z e d  
s e p a r a t e l y  from  t h e  t r a n s v e r s e  v a l u e s .
O th er  a u th o r s  h ave  f a i l e d  to  o b s e r v e  an y  m ean in g ­
f u l  r e l a t i o n s h i p  b e tw e en  p e r m e a b i l i t y  and t r e a t a b i l i t y .  
A r g a n b r ig h t  and W ilc o x  ( 1 9 6 9 ) s t u d ie d  t h e  r e l a t i o n s h i p  
b e tw e e n  t r a n s v e r s e  g a s  p e r m e a b i l i t y  and t r e a t a b i l i t y  t o  
5 p e r c e n t  p e n ta c h lo r o p h e n o l  in  w h ite  f i r .  T hey o v e n -  
d r ie d  t h e i r  sp e c im e n s  b e f o r e  s u b j e c t i n g  them  t o  p r e s e r ­
v a t i v e  t r e a t m e n t .  T r a n s v e r s e  p e r m e a b i l i t y  d id  n o t  show  
a n y  c o r r e l a t i o n  w ith  t r e a t a b i l i t y  when t h e  t r e a t a b i l i t y  
w as e x p r e s s e d  e i t h e r  a s  in d e x  o f  t r e a t a b i l i t y  o r  b y  
r e t e n t i o n  v a l u e .  T hey a s c r ib e d  t h i s  l a c k  o f  c o r r e l a t i o n  
t o  th e  l a r g e  am ount o f  e n d - g r a in  p r e s e n t  in  t h e i r  s m a ll  
sa m p le s  w h ich  a l lo w e d  c o n s id e r a b le  end  p e n e t r a t i o n .
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I s a a c s  e t  a l  ( 1 9 7 1 ) ,  w o r k in g  w ith  c o tto n w o o d ,  
a l s o  fo u n d  no m e a n in g fu l r e l a t i o n s h i p  b e tw e en  g a s  p e r ­
m e a b i l i t y  and t r e a t a b i l i t y  w it h  c r e o s o t e .  S im i la r  t o  
A r g a n b r ig h t  and W ilc o x  ( 1 9 6 9 ) t h e y  o v e n - d r ie d  t h e i r  
sp e c im e n s  p r i o r  t o  p r e s e r v a t i v e  t r e a t m e n t .  H ow ever, 
t h e y  w ere  aw are t h a t  d r y in g  th e  sa m p le s  m ig h t have  
c a u se d  s m a l l  o p e n in g s  o r  m in u te  c h e c k s  a s  a d d i t io n a l  
p a th w a y s f o r  th e  p r e s e r v a t i v e  t o  p a s s  th r o u g h , th u s  
c a u s in g  e x c e s s i v e  a b s o r p t io n  and p e n e t r a t i o n ,  e v en  in  
lo w  p e r m e a b i l i t y  s p e c im e n s .
M i l l e r  ( 1 9 6 1 ) a l s o  s t u d ie d  th e  r e l a t i o n s h i p  
b e tw e e n  p e r m e a b i l i t y  and t r e a t a b i l i t y  o f  D o u g la s - f i r  
w ith  c r e o s o t e .  He c o n c lu d e d  t h a t  th e  r a t e  o f  a i r  f lo w  
a lo n g  th e  g r a in  w as n o t  a  r e l i a b l e  in d e x  o f  th e  l o n g i ­
t u d i n a l  p e n e t r a t i o n  o f  c r e o s o t e .  He fo u n d , h o w ev e r , 
t h a t  th e  sp e c im e n s  w h ich  w ere e i t h e r  v e r y  r e s i s t a n t  o r  
p e r m e a b le , r e s p e c t i v e l y ,  w ere  l i k e w i s e  v e r y  r e f r a c t o r y  
o r  t r e a t a b l e  w ith  c r e o s o t e .  An e x a m in a t io n  o f  th e  p e r ­
m e a b i l i t y  d a ta  (T a b le  33» A p p en d ix  I I I )  and t r e a t a b i l i t y  
d a ta  (T a b le  3^ , A p p en d ix  I I I ) ,  in c lu d in g  th e  c u r v e s  in  
F ig u r e s  18 and 1 9 , g i v e s  s i m i l a r  o b s e r v a t io n  t o  t h a t  
made b y  M i l l e r  ( I 9 6 I ) .  S p ec im en s w h ich  w ere  v e r y  p erm e­
a b le  w ere  l i k e w i s e  e a s i l y  t r e a t a b l e ,  w h i le  t h o s e  w h ich  
w ere  v e r y  im p erm eab le  w ere p o o r ly  t r e a t e d .  The m oder­
a t e l y  p e r m e a b le  sp e c im e n s  te n d e d  t o  g i v e  v a r ia b le
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r e s u l t s .
E r ic k s o n  and E s te p  ( 1 9 6 2 ) a l s o  s t u d ie d  t h e  perm e­
a b i l i t y  o f  D o u g l a s - f i r .  T hey u sed  sp e c im e n s  o b ta in e d  
from  t h e  same m a t e r i a l s  a s  M i l l e r  ( I 9 6 I ) .  I n  com p arin g  
th e  l o n g i t u d i n a l  r a t e  o f  f lo w  d a ta  w ith  th e  r e s u l t s  o f  
c r e o s o t e  im p r e g n a t io n  t h e y  o b s e r v e d  r e a s o n a b ly  good  
r e l a t i o n s h i p .  T h ey  s t a t e d  t h a t  l i q u i d  f lo w  b y  p r e s s u r e  
th r o u g h  sam p le  p i e c e s  c o u ld  b e  u se d  a s  a  ro u g h  c l a s s i ­
f i c a t i o n  o f  t h e  t r e a t a b i l i t y  o f  D o u g l a s - f i r  h e a r tw o o d .
The d e g r e e  o f  r e l a t i o n s h i p  b e tw e e n  p e r m e a b i l i t y  
and t r e a t a b i l i t y  was g e n e r a l l y  im p roved  when th e  l o g a ­
r ith m  o f  p e r m e a b i l i t y  v a l u e s  w ere u s e d  in  th e  a n a l y s e s .  
S im i la r  r e s u l t s  w ere  o b s e r v e d  by C hoong e t  a l  ( 1 9 7 2 ) ,  
who a l s o  o b s e r v e d  h ig h e r  c o r r e l a t i o n  c o e f f i c i e n t s  when 
th e  lo g a r i th m  o f  p e r m e a b i l i t y  was u s e d .  R e s u l t s  o f  t h i s  
s tu d y  a l s o  show b e t t e r  c o r r e l a t i o n  o f  p e r m e a b i l i t y  w ith  
a b s o r p t io n  in  c o p p e r  s u l f a t e  th a n  w it h  p e n e t r a t i o n .  
H ow ever, in  a  few  i n s t a n c e s ,  t h e r e  w ere  h ig h e r  c o r r e ­
l a t i o n s  o f  p e r m e a b i l i t y  w it h  p e n e t r a t io n  b y  c r e o s o t e  
th a n  w ith  a b s o r p t io n ,  p e r h a p s  b e c a u s e  o f  th e  m ethod o f  
d e te r m in in g  p e n e t r a t io n  o f  c o p p e r  s u l f a t e .  S in c e  t h i s  
p r e s e r v a t i v e  d o e s  n o t  im p a rt a  d i s t i n c t i v e  c o l o r  t o  th e  
w ood, t h e  sp e c im e n s  w ere sp r a y e d  w it h  a  r e a g e n t  c o n s i s t ­
in g  o f  chrom e a z u r o l  S and sod ium  a c e t a t e .  E r r o r  in  
m easu rem en t c o u ld  e n su e  i f  th e  r e a g e n t  and t h e  p r e s e r -
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v a t i v e  d i f f u s e d  f a r t h e r  i n t o  th e  wood b e fo r e  m ea su re ­
m ent c o u ld  be m ade. The d e p th  o f  p e n e t r a t i o n  o f  c r e o ­
s o t e ,  on  th e  o t h e r  h an d , w as e a s i l y  d e t e c t e d  and i t  
p r e s e n t e d  no g r a v e  e r r o r  s i n c e  i t  im p a r ted  a d i s t i n c t  
c o lo r  t o  th e  w ood .
The c a u s e  o f  th e  lo w e r  c o r r e l a t i o n  v a l u e s  b e tw e en  
p e r m e a b i l i t y  and a b s o r p t io n  o f  c r e o s o t e  a s  com pared  
b etw een  p e r m e a b i l i t y  and p e n e t r a t i o n  c a n  be t r a c e d  t o  
th e  l a c k  o f  c o r r e l a t i o n  o b ta in e d  in  s o f tw o o d s  (T a b le  
2 2 ) .  The r e s u l t s  w ith  t h e  s o f tw o o d s  w ere  more v a r ia b le  
th a n  w it h  th e  h a rd w o o d s. E ven  th o u g h  t h e  c o r r e l a t i o n s  
b etw een  t h e  v a r io u s  p e r m e a b i l i t y  v a l u e s  and p e n e t r a t io n  
o f  c r e o s o t e  w ere h i g h ly  s i g n i f i c a n t ,  t h e r e  w as no s i g ­
n i f i c a n t  c o r r e l a t i o n  o b t a in e d  in  t h e  c a s e  w it h  a b so r p ­
t i o n .  As ca n  b e  s e e n  in  T a b le s  33 and 34  o f  A p p en d ix  
I I I ,  t h e  s o f tw o o d s  had a lm o s t  e q u a l a b s o r p t io n  v a lu e s  
r e g a r d l e s s  o f  p e r m e a b i l i t y ,  w h erea s  t h e  p e n e t r a t io n  
v a lu e s  v a r ie d  a c c o r d in g  t o  p e r m e a b i l i t y .  What p o s s i b l y  
c o u ld  h a v e  h ap p en ed  i s  t h a t  in  s o f tw o o d s  a l a r g e  volum e  
o f  c r e o s o t e  e n t e r e d  th e  wood s u r f a c e  th r o u g h  t h e  e x p o se d  
sp r in g w o o d  t r a c h e i d s ,  b u t  p e n e t r a t i o n  was i n h i b i t e d  b y  
tr a p p e d  a i r  a n d /o r  p i t  a s p i r a t i o n .  I n  t h o s e  sp e c im e n s  
w h ich  w e re  t r e a t e d  w ith  c o p p e r  s u l f a t e ,  th e  o p p o s i t e  
r e s p o n s e  c o u ld  h a v e  ta k e n  p l a c e .  An e x a m in a t io n  o f  th e  
d a ta  in  T a b le s  33 and 34 o f  A p p en d ix  I I I  show  t h a t  p e n e -
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t r a t i o n  d id  n o t  v a r y  v e r y  much b e tw een  t h e  lo w  and h ig h  
p e r m e a b i l i t y  s p e c im e n s . S in c e  w a te r  w as th e  c a r r i e r  
u se d  f o r  th e  c o p p e r  s u l f a t e ,  th e  s a l t  c o u ld  h a v e  d i f ­
fu s e d  in t o  th e  wood th r o u g h  th e  c e l l  w a l l  * The r e s u l t a n t  
e f f e c t  i s  d e e p e r  p e n e t r a t i o n  th a n  i f  m ass f lo w  o f  th e  
s o l u t i o n  w ere  t h e  o n ly  m echanism  in  t h e  m ovem ent o f  th e  
f l u i d .  A n o th e r  r e a s o n  f o r  th e  lo w  c o r r e l a t i o n s  o b ta in e d  
w it h  th e  s o f tw o o d s  c o u ld  b e  due to  t h e  s m a l l  number o f  
sp e c im e n s  u s e d .
The s e m i-r in g - p o r o u s  sp e c im e n s  l i k e w i s e  show ed a  
l a c k  o f  c o r r e l a t i o n  b e tw e e n  p e r m e a b i l i t y  and t r e a t a b i l ­
i t y  (T a b le  2 5 ) .  No s i g n i f i c a n t  c o r r e l a t i o n  w as n o te d  
b e tw e en  th e  lo g a r i th m  o f  th e  v a r io u s  p e r m e a b i l i t y  v a lu e s  
and th e  t r e a t a b i l i t y  p a r a m e te r s  e x c e p t  f o r  a  s i n g l e  
i n s t a n c e ,  t h a t  i s ,  b e tw e e n  th e  lo g a r ith m  o f  th e  w a te r  
p e r m e a b i l i t y  in  n e v e r - d r ie d  sp e c im e n s  and th e  p e n e t r a ­
t i o n  o f  c r e o s o t e  w hose c o r r e l a t i o n  w as s i g n i f i c a n t  o n ly  
a t  th e  0 .0 5  l e v e l .  A g a in  from  th e  d a ta  in  T a b le  33 o f  
A p p en d ix  I I I ,  th e  s e m i- r in g - p o r o u s  w oods w ere m o s t ly  
m o d e r a te ly  p e r m e a b le . The h ea r tw o o d  sp e c im e n s  w ere a s  
p e r m e a b le , i f  n o t  m ore, a s  th e  sap w ood . T h is  i s  th e  
grou p  w hose p e r m e a b i l i t y  w as o b s e r v e d  t o  show no i n d i c a ­
t i o n  o f  r e l a t i o n s h i p  w ith  t r e a t a b i l i t y  ( M i l l e r  1 9 6 1 ) .  
L ik e w is e  a s  shown in  t h i s  s t u d y ,  th e  a b s o r p t io n  and  
p e n e t r a t io n  o f  t h e s e  w oods w ith  e i t h e r  c o p p e r  s u l f a t e  o r
1*K>
c r e o s o t e  d id  n o t  v a r y  much and t h e y  w e r e  in d e p e n d e n t  o f  
p e r m e a b i l i t y .  I n  som e i n s t a n c e s ,  n e g a t i v e  b u t  s t a t i s t i ­
c a l l y  n o t  s i g n i f i c a n t  c o r r e l a t i o n s  w e r e  sh o w n .
The r e l a t i o n s h i p s  b e tw e e n  p e r m e a b i l i t y  and t r e a t ­
a b i l i t y  w i t h  c r e o s o t e  w e r e  s i m i l a r  t o  t h o s e  w i t h  c o p ­
p e r  s u l f a t e  a s  c a n  b e  n o t e d  i n  T a b le s  18  th r o u g h  25*  
T h e s e  r e l a t i o n s h i p s  i n d i c a t e  t h a t  t h e  p e r m e a b i l i t y  
v a l u e s  o b t a in e d  from  a  g ro u p  o f  s p e c im e n s  w h ic h  w ere  
l a t e r  t r e a t e d  w i t h  c o p p e r  s u l f a t e  c o u ld  b e  u s e d  in  
c o r r e l a t i o n  a n a l y s e s  w i t h  s i d e  m a tch ed  s p e c im e n s  w h ic h  
w e r e  t r e a t e d  w i t h  c r e o s o t e .
T h u s , t h e  t r e a t a b i l i t y  o f  l a r g e r  b l o c k s  o f  s p e c i ­
m ens w h o se  p e r m e a b i l i t y  c o u ld  n o t  b e  m e a su r e d  c o u ld  b e  
e v a lu a t e d  b y  u s i n g  m a tch ed  p e r m e a b i l i t y  s p e c im e n s .  S e v ­
e r a l  s p e c im e n s  r e p r e s e n t i n g  v a r io u s  p o s i t i o n s  and p e r ­
m e a b i l i t y  v a r i a t i o n  in  a  l a r g e  b l o c k  o f  w ood c o u ld  b e  
o b t a in e d  and t h e i r  p e r m e a b i l i t y  d e t e r m in e d .
The s l o p e s  o f  t h e  r e g r e s s i o n  l i n e s ,  i . e . ,  r e g r e s ­
s i o n  c o e f f i c i e n t s ,  o f  v a r i o u s  p e r m e a b i l i t y  v a l u e s  f o r  
a  s i n g l e  t r e a t a b i l i t y  v a r i a b l e  a r e  n o t  c o n s i s t e n t  a s  
sh ow n  i n  T a b le  1 8 .  A lth o u g h  t h e  v a r io u s  m e a su r e d  p e r m e ­
a b i l i t y  v a l u e s  c o u ld  b e  u s e d  s i n g l y  t o  p r e d i c t  t h e  
t r e a t a b i l i t y  o f  wood s p e c im e n s ,  t h e r e  w as c o n s i d e r a b l e  
v a r i a t i o n  i n  t h e  d e g r e e  o f  p r e d i c t i n g  t h e  d e p e n d e n t  
v a r i a b l e .  An R3 -Im p ro v e m en t M ethod w as u s e d  t o  d e te r m in e
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w h ich  one o r  two p e r m e a b i l i t y  v a lu e s  among th o s e  m ea­
su r e d  c o u ld  b e s t  p r e d i c t  th e  t r e a t a b i l i t y  o f  th e  s p e c i ­
m en s. The r e s u l t s  a r e  shown in  T a b le  2 6 . O nly  th e  h a r d ­
w oods w ere  u sed  in  th e  a n a ly s e s  s i n c e  t h e r e  w ere  Borne 
m is s in g  d a ta  in  t h e  s o f t w o o d s .
In  c o p p e r  s u l f a t e ,  t h e  b e s t  s i n g l e  p e r m e a b i l i t y  
v a lu e  f o r  p r e d i c t i n g  a b s o r p t io n  w as t h e  p e r m e a b i l i t y  t o  
w a te r  a f t e r  d r y in g  and r e - s a t u r a t i o n .  The two in d e p e n ­
d e n t  v a r i a b l e s  t h a t  in c r e a s e d  th e  c o e f f i c i e n t  o f  d e t e r ­
m in a t io n  f o r  p r e d i c t i n g  a b s o r p t io n  o f  c o p p e r  s u l f a t e  
w ere  p e r m e a b i l i t y  t o  w a te r  a f t e r  d r y in g  and
r e - s a t u r a t i o n ,  and k ^ , th e  e x t r a p o la t e d  v a lu e  o f  g a s  
p e r m e a b i l i t y  a t  i n f i n i t e  p r e s s u r e .  The Ra in c r e a s e d  to
0 .7 4 5 2  from  0 .7 0 7 4 .  I n c r e a s in g  t h e  number o f  in d e p e n ­
d e n t  v a r i a b l e s  d id  n o t  m a t e r i a l l y  in c r e a s e  th e  Ra v a l u e .  
I n  c o p p e r  s u l f a t e  p e n e t r a t i o n ,  t h e  p e r m e a b i l i t y  t o  
w a te r  in  n e v e r - d r ie d  sa m p le s  ( k ^ )  w as t h e  b e s t  s i n g l e  
in d e p e n d e n t  v a r ia b le  f o r  p r e d i c t i n g  i t ,  w ith  an Ra 
v a lu e  o f  0 .5 7 6 6 .  T h is  v a lu e  im proved  t o  0 .6 2 9 0  when two  
v a r i a b l e s  w ere  u s e d , n a m ely  k ^  and th e  e f f e c t i v e  perm e­
a b i l i t y  t o  w a te r  (k  ) a t  th e  end  o f  t h e  r e l a t i v e  p e r -  
m e a b i l i t y  r u n .
In  c r e o s o t e  t r e a t a b i l i t y ,  t h e  a b s o r p t io n  c o u ld  
b e s t  b e  p r e d ic t e d  b y  t h e  p e r m e a b i l i t y  t o  g a s  a t  1 . 2  atm  
mean p r e s s u r e  ( k g ) t  w here Ra w as 0 .4 8 5 1 .  The b e s t  two
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v a r i a b l e s  w ere  k^ and k ew w i t h  an  R3 o f  0 .5 2 2 5 .  The 
b e s t  s i n g l e  v a r i a b l e  f o r  p r e d i c t i n g  t h e  p e n e t r a t i o n  o f  
c r e o s o t e  w as k^ w i t h  an  R3 o f  0 .4 5 6 0 .  The b e s t  tw o v a r i ­
a b l e s  w ere  kv  and k w i t h  an  Ra o f  0 .4 8 8 1 *  In  a l l  c a s e s
J i  G W
th e  c o e f f i c i e n t s  o f  d e t e r m in a t io n  w ere  s i g n i f i c a n t  a t  
t h e  0 .0 1  l e v e l .  U s in g  t h r e e  o r  m ore in d e p e n d e n t  v a r i ­
a b l e s  d id  n o t  im p rove  t h e  c o r r e l a t i o n  a p p r e c ia b ly .
T he m ovem ent o f  p r e s e r v a t i v e  i n t o  w ood d u r in g  
t r e a t m e n t  i s  n o t  a  s i n g l e - p h a s e  f lo w  b u t  a  m u l t i - p h a s e  
p h en om en on , com m only made up o f  t h e  p r e s e r v a t i v e  s o l u ­
t i o n  and w h a te v e r  a i r  t h a t  i s  p r e s e n t  i n  t h e  m a t e r i a l  
d u r in g  t r e a t m e n t .  The m ech a n ism s o f  f lo w  u n d er  t h e s e  tw o  
c o n d i t i o n s  a r e  n o t  t h e  sa m e . The m ovem ent o f  f l u i d  i n  a  
m u lt i - p h a s e  f lo w  i s  a f f e c t e d  b y  th e  p e r c e n t a g e  s a t u r a ­
t i o n  o f  t h e  m a t e r i a l  and t h e  c h a r a c t e r i s t i c s  o f  t h e  
p h a s e s ,  su c h  a s  v i s c o s i t y .  T h e r e f o r e  t h e  e f f e c t i v e  p e r ­
m e a b i l i t y  o f  t h e  s p e c im e n s  t o  w a te r  a t  t h e  en d  o f  th e  
r e l a t i v e  p e r m e a b i l i t y  m ea su r em e n ts  w o u ld  b e  e x p e c t e d  t o  
g i v e  t h e  b e s t  s i n g l e  v a r i a b l e  f o r  p r e d i c t i n g  t h e  v a r io u s  
t r e a t a b i l i t y  p a r a m e t e r s .  As i t  tu r n e d  o u t ,  t h e  w a te r  p e r ­
m e a b i l i t i e s  a t  1 0 0  p e r c e n t  s a t u r a t i o n  g a v e  t h e  b e s t  
r e s u l t s  w ith  c o p p e r  s u l f a t e .  The r e a s o n  f o r  t h i s  i s  n o t  
know n, b u t  i t  c a n  b e  s u r m is e d  t h a t  s i n c e  w a te r  w as u s e d  
a s  t h e  c a r r i e r  o f  c o p p e r  s u l f a t e ,  t h e r e f o r e  t h e  w a te r  
p e r m e a b i l i t i e s  s h o u ld  g i v e  t h e  b e s t  p r e d i c t i o n  f o r  i t s
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a b s o r p t io n  and p e n e t r a t io n  in t o  t h e  w ood .
The g a s  p e r m e a b i l i t y  v a lu e s  w ere  fo u n d  t o  be b e t ­
t e r  p a r a m e te r s  f o r  p r e d i c t i n g  t r e a t a b i l i t y  w ith  c r e o ­
s o t e .  T h is  may b e due t o  th e  f a c t  t h a t  c r e o s o t e  i s  an  
o i l  and i t  d o e s  n o t  w e t wood a s  w a te r  d o e s .  C o n s e q u e n t ly ,  
th e  m anner i n  w h ich  c r e o s o t e  e n t e r s  th e  wood i s  d i f f e r ­
e n t  from  a  w a te r -b o r n e  p r e s e r v a t i v e  su ch  a s  c o p p e r  s u l ­
f a t e .  One o f  t h e  two b e s t  v a r i a b l e s  f o r  p r e d i c t i n g  
t r e a t a b i l i t y  i s  k „  e x c e p t  f o r  a b s o r p t io n  o f  c o p p e r
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s u l f a t e .  Thus t h e  i n c l u s i o n  o f  t h i s  v a r ia b le  in  th e  
a n a ly s e s  s h o u ld  en h an ce  th e  a c c u r a c y  o f  p r e d i c t i n g  th e  
t r e a t a b i l i t y  o f  w ood.
C a p i l l a r y  P r e s s u r e
The r e s u l t s  o f  c a p i l l a r y  p r e s s u r e  m ea su rem en ts a r e  
show n in  T a b le  35  o f  A p p en d ix  I I I  w here th e  s p e c i f i c  
p e r m e a b i l i t y ,  maximum m o is tu r e  c o n t e n t  a t  s a t u r a t i o n ,  
m o is tu r e  c o n t e n t  and c o r r e s p o n d in g  p e r c e n ta g e  s a t u r a ­
t i o n  a t  th e  en d  o f  th e  e x p e r im e n ta l  ru n  a r e  t a b u l a t e d .
The a v e r a g e  v a l u e s  f o r  sapw ood and  h ea rtw o o d  o f  e a ch  
s p e c i e s  a r e  t a b u la t e d  i n  T a b le  27* The c a p i l l a r y  p r e s ­
s u r e  c u r v e s  f o r  v a r io u s  wood s a m p le s  o f  d i f f e r e n t  p o r e  
t y p e s  a r e  show n in  F ig u r e s  20 th r o u g h  2 2 . The c a p i l l a r y  
p r e s s u r e  d e v e lo p e d  a t  t h e  c e n t e r  o f  e a c h  sp e c im e n  a t  
v a r io u s  r o t a t i o n a l  s p e e d s  w as p l o t t e d  a g a i n s t  t h e  p e r -
T a b le  2 7 -  A v era g e  v a l u e s  o f  th e  s p e c i f i c  p e r m e a b i l i t y  
(k w )» maximum m o is tu r e  c o n t e n t  (MCmax)e 
m o is tu r e  c o n t e n t  a t  t e r m in a t io n  o f  m ea su re ­
m ent (MC) and d e g r e e  o f  s a t u r a t i o n  o f  th e  
c a p i l l a r y  p r e s s u r e  sp e c im e n s
S p e c ie s MGmax MC S a t u r a t io n
D arcy P e r c e n t P e r c e n t
A m erican  e lm i
Sapwood 1 .4-200 1 7 4 .6 6 6 5 .IO 0 .3 7 2 9
H eartw ood 0 . 2 6 7 6 1 8 0 .9 4 6 6 . 7 2 0 .3 6 9 0
Sycam ore t
Sapwood 3 .8 5 3 3 1 4 2 .3 8 5 3 -6 6 0 .3 7 7 0
H eartw ood 4 .3 9 3 9 1 4 0 .0 0 6 1 .4 2 0 .4 3 8 7
B a ld c y p r e s s i
Sapwood 1.264-1 1 9 5 .5 4 3 4 .4 5 0 .1 7 9 4
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o  Sapwood
A H eartw ood
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F ig u r e  22* R e la t io n s h ip  b e tw e en  c a p i l l a r y  p r e s s u r e  
and p e r c e n ta g e  s a t u r a t i o n  in  so ftw o o d  
sp e c im e n s  ( Taxodium  d is t ic h u m  L , R i c h . ) .
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c e n ta g e  s a t u r a t i o n .  The a v e r a g e  m o is tu r e  c o n t e n t  o f  e a ch  
sp e c im e n  w as o b t a in e d  from  th e  w e ig h t  o f  th e  sp e c im e n  
a t  th e  end  o f  th e  e x p e r im e n ta l  ru n  and i t s  o v e n -d r y  
w e ig h t .  The m o is tu r e  d i s t r i b u t i o n  a lo n g  th e  l e n g t h  o f  
th e  sp e c im e n  w as a l s o  d e te r m in e d . I t  was o b ta in e d  b y  
s l i c i n g  t h e  sp e c im e n  in t o  f i v e  s e c t i o n s  o f  0 . 2  in c h  
t h i c k  and s p l i t t i n g  e a ch  s l i c e  in  h a l f  a lo n g  th e  g r a i n .  
The o v e n -d r y  w e ig h t  o f  th e  sp e c im e n  was ta k e n  a s  th e  
t o t a l  d r y  w e ig h t s  o f  t h e  s l i c e s .  The m o is tu r e  c o n t e n t  
a t  v a r io u s  p o i n t s  a lo n g  th e  l e n g t h  o f  th e  sp e c im e n  i s  
shown in  T a b le  36 o f  A p p en d ix  I I I .
The d e g r e e  t o  w h ic h  t h e  m o is tu r e  c o n t e n t  and p e r ­
c e n t  s a t u r a t i o n  c o u ld  b e  r e d u c e d  a t  a  g iv e n  c a p i l l a r y  
p r e s s u r e  v a r ie d  g r e a t l y  w it h  d i f f e r e n t  w o o d s . The r e s u l t  
o f  an a n a ly s e s  o f  v a r ia n c e  o f  th e  m eans o f  t h e  m o is tu r e  
c o n t e n t  (T a b le  2 8 ) and d e g r e e  o f  s a t u r a t i o n  (T a b le  29 )  
among v a r io u s  w oods show h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s .  
The r in g - p o r o u s  sp e c im e n s  had th e  h i g h e s t  a v e r a g e  m o is ­
t u r e  c o n t e n t  ( 6 5 . 1 0  p e r c e n t  f o r  sapw ood and 6 6 . 7 2  p e r ­
c e n t  f o r  h e a r tw o o d ) , f o l lo w e d  b y  t h e  d i f f u s e - p o r o u s  
sp e c im e n s  (5 3 ° 6 6  p e r c e n t  and 6 1 .^ 2  p e r c e n t ,  r e s p e c t i v e l y  
f o r  sapw ood and h e a r tw o o d ) . The s o f tw o o d s  w ere  r e d u c e d  t o  
t h e  l o w e s t  m o is tu r e  c o n t e n t  (3^ »^ 5  p e r c e n t  f o r  sapw ood  
and 3 3 * ^  p e r c e n t  f o r  h e a r tw o o d ) a s  shown in  T a b le  27*
On th e  o t h e r  h an d , t h e  d i f f u s e - p o r o u s  sp e c im e n s  had th e
T a b le  2 8 . A n a ly s i s  o f  v a r ia n c e  o f  th e  m eans o f  th e  
m o is tu r e  c o n t e n t  a t, th e  end o f  th e  c a p i l ­
l a r y  p r e s s u r e  r u n § /
S o u r c e  o f  
v a r i a t i o n d f
Sum o f  
s q u a r e s
Mean
sq u a re F r a t i o
S p e c ie s 2 4 ,3 9 6 .3 2 2 ,1 9 8 .1 6 197*28**
Wood ty p e
(Sapw ood v s .  
H eartw ood )
1 4 6 .6 8 4 6 ,6 8 4 .1 9
S p e c ie s  x  wood  
t y p e
2 8 0 .9 4 4 0 .4 7 3 . 63*
E r r o r 18 2 0 0 .5 6 1 1 .1 4
T o t a l 23 4 ,7 2 4 .5 0
^ M e a n s i  A m erican  elm  = 6 5 .9 1 , Sycam ore = 5 7 * 5 4 , 
B a ld c y p r e s s  = 3 3 * 9 4 . Sapwood = 5 1 .0 7 .  H eartw ood  = 5 3 * 8 6 .
* Significant at 0.05*
** Significant at 0.01.
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T a b le  2 9 . A n a ly s i s  o f  v a r ia n c e  o f  t h e  m eans o f  th e
d e g r e e  o f  s a t u r a t i o n  a t  t h e  eiul o f  th e  c a p ­
i l l a r y  p r e s s u r e  m e a su r e m e n ts^ /
S o u rc e  o f  
v a r i a t i o n d f
Sum o f  
sq u a r e s
Mean
sq u a r e F r a t i o
S p e c ie s 2 0 .1 8 4 0 0 . 0 9 2 0 2 3 0 . 00**
Wood ty p e
(Sapw ood v s .  
H eartw ood)
1 0 .0 0 8 4 0 .0 0 8 4 2 1 . 0 0 **
S p e c ie s  x wood 
ty p e
2 0 .0 0 5 1 0 . 0 0 2 6 6 .5 0 * *
E r r o r 18 0 . 0 0 7 6 0 .0 0 0 4
T o t a l 23 0 .2 0 5 1
^ /M ea n si A m erican  elm  -  0 » 3 7 1 0 , Sycam ore = 0 .4 0 7 8 ,  
B a ld c y p r e s s  = 0 .2 0 6 4 .  Sapwood -  0«3097» H eartw ood  = 0 * 3 4 7 1 .
** Significant at 0.01.
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h i g h e s t  d e g r e e  o f  s a t u r a t i o n  ( 0 .3 7 7 0  and 0 .^ 3 8 7 ,  r e s p e c ­
t i v e l y  f o r  sapw ood  and h e a r tw o o d )  f o l lo w e d  b y  t h e  r i n g -  
p o r o u s  s p e c im e n s  ( 0 .  3729  and  0 .3 6 9 0 ,  r e s p e c t i v e l y - f o r  
sapw ood and h e a r tw o o d )  and t h e  s o f tw o o d  s p e c im e n s  had  
th e  l o w e s t  s a t u r a t i o n  a t  t h e  end  o f  t h e  e x p e r im e n t a l  ru n  
( 0 . 1 7 9 ^ and  0 . 2 3 3 ^ , r e s p e c t i v e l y  f o r  sapw ood  and  h e a r t ­
wood) a s  show n in  T a b le  2 7 .
The g r a p h s  show n in  F ig u r e s  2 0 , 2 1 ,  and 22  i n d i ­
c a t e  t h a t  a t  a b o u t  8 p s i  c a p i l l a r y  p r e s s u r e  a t  th e  m id ­
d l e  o f  t h e  s p e c im e n , v /h ich  c o r r e s p o n d s  t o  a  r o t a t i o n a l  
s p e e d  o f  a b o u t  3 ,0 0 0  rpm, t h e  d e g r e e  o f  s a t u r a t i o n  in  
b o th  t h e  r in g - p o r o u s  and t h e  s o f tw o o d  s p e c im e n s  w as 
r e d u c e d  b y  a b o u t  4-0 p e r c e n t .  I n  t h e  d i f f u s e - p o r o u s  s p e c ­
im en s ( F ig u r e  2 1 ) ,  t h e  r e d u c t i o n  i n  s a t u r a t i o n  w as much 
l a r g e r .  A f t e r  t h i s  i n i t i a l  r e d u c t i o n ,  s u b s e q u e n t  
i n c r e a s e  in  c a p i l l a r y  p r e s s u r e s  r e d u c e d  t h e  d e g r e e  o f  
s a t u r a t i o n  in  t h e  r in g - p o r o u s  s p e c im e n s  o n l y  s l i g h t l y .  
The c h a n g e  in  t h e  s l o p e  o f  t h e  c u r v e  w as n o t  a b r u p t  and  
t h i s  i n d i c a t e s  a  g r a d a t io n  o f  p o r e  s i z e s  f o r  m o is t u r e  
t o  be e m p tie d  a t  v a r io u s  p r e s s u r e s .  The c u r v e  f o r  t h e  
h e a r tw o o d  s p e c im e n s  o f  t h e  r in g - p o r o u s  s p e c im e n s  becam e  
a s y m p t o t ic  a t  a b o u t  *f-0 p e r c e n t  s a t u r a t i o n  ( F ig u r e  2 0 ) ,  
w h ile  t h e  c u r v e  f o r  t h e  sapw ood  s p e c im e n s  d id  n o t  becom e  
a s y m p t o t ic  a t  a l l . T h ere  i s  no  i n d i c a t i o n  t h a t  f u r t h e r  
in c r e a s e  i n  c a p i l l a r y  p r e s s u r e s  w o u ld  f u r t h e r  r e d u c e  t h e
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d e g r e e  o f  s a t u r a t i o n  o f  t h e  r in g - p o r o u s  h ea r tw o o d  s p e c ­
im e n s . H ig h e r  p r e s s u r e s ,  h o w ev e r , m ig h t r e d u c e  th e  
d e g r e e  o f  s a t u r a t i o n  in  t h e  sap w ood . A t t h e  end  o f  th e  
r u n , b o th  t h e  sapw ood and h e a r tw o o d  in  th e  r in g - p o r o u s  
sp e c im e n s  a t t a i n e d  a b o u t t h e  same a v e r a g e  m o is tu r e  
c o n t e n t  (T a b le  2 7 ) .
I n  t h e  d i f f u s e - p o r o u s  s p e c im e n s ,  th e  c u r v e s  
in c r e a s e d  r a p i d l y  in  s lo p e  a f t e r  t h e  i n i t i a l  r o t a t i o n a l  
sp e e d  and  becam e a s y m p t o t ic .  M ost o f  t h e  r e d u c t io n  In  
m o is tu r e  o c c u r r e d  a t  low  ( i n i t i a l )  c a p i l l a r y  p r e s s u r e s .  
Any f u r t h e r  in c r e a s e  in  c a p i l l a r y  p r e s s u r e  c a u s e d  o n ly  
a  s l i g h t  r e d u c t io n  in  m o is tu r e  c o n t e n t .  The sapw ood  
a t t a i n e d  a  s l i g h t l y  lo w e r  m o is tu r e  c o n t e n t  (5 3 * 6 6  p e r ­
c e n t )  th a n  th e  h ea r tw o o d  ( 6 1 .^ 2  p e r c e n t )  a t  a b o u t 180  
p s i  c a p i l l a r y  p r e s s u r e .  The r e s t  o f  th e  m o is tu r e  in  t h e  
wood w as h e ld  i n  s m a l le r  c a p i l l a r i e s  and c o u ld  n o t  be  
rem oved e v e n  when s u b j e c t e d  t o  a  c a p i l l a r y  f o r c e  o f  
a b o u t 180  p s i .
I n  t h e  s o f t w o o d s ,  t h e  c a p i l l a r y  p r e s s u r e  d e v e lo p e d  
more g r a d u a l ly  th a n  in  t h e  hardw oods u n t i l  a l l  th e  
rem o v a b le  m o is tu r e  w as d r a in e d  w here upon i t  in c r e a s e d  
r a p i d l y  and th e  c u r v e  becam e a s y m p to t ic  a t  a b o u t  18 and  
23 p e r c e n t  s a t u r a t i o n ,  r e s p e c t i v e l y  f o r  sapw ood and  
h ea r tw o o d  (F ig u r e  2 2 ) .  I t  a p p e a r s  t h a t  in  th e  so ftw o o d  
s t u d i e d ,  a b o u t 3 / k  o f  th e  w a te r  in  th e  v o id  s p a c e s  can
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be rem oved by c a p i l l a r y  f o r c e s .
The rem o v a l o f  m o is tu r e  from  wood by c e n t r i f u g i n g  
e x h i b i t e d  e s s e n t i a l l y  th e  same ty p e  o f  m echanism  a s  
t h a t  by d r a in a g e  in  r e l a t i v e  p e r m e a b i l i t y  m ea su rem en t. 
H ow ever, t h e r e  was a  g r e a t e r  r e d u c t io n  in  m o is tu r e  in  
c a p i l l a r y  p r e s s u r e  m easu rem en ts b e c a u s e  o f  h ig h e r  p r e s ­
s u r e  d i f f e r e n t i a l  b e tw e e n  t h e  p h a s e s .  In  b o th  i n s t a n c e s  
th e  s o f tw o o d  d r a in e d  b e t t e r  th a n  th e  h a rd w o o d s. When 
th e  hardw oods w ere f i r s t  s u b j e c t e d  t o  c e n t r i f u g a l  f o r c e ,  
m ost o f  t h e  w a te r  rem oved came from  th e  l a r g e r  c a p i l ­
l a r i e s  s i n c e  th e y  p r o v id e d  t h e  l e a s t  c a p i l l a r y  r e s i s ­
ta n c e  t o  b e  o v erco m e . B e c a u se  o f  t h e  g r a d a t io n  o f  p o re  
B iz e s  o f  t h o s e  c a p i l l a r i e s  t h a t  c o u ld  be e m p tie d  in  th e  
r in g - p o r o u s  wood ( F ig u r e  1 3 ) ,  th e  r e d u c t io n  in  m o is tu r e  
w as more g r a d u a l th a n  in  t h e  d i f f u s e - p o r o u s  sp e c im e n s  
(F ig u r e  2 3 a ) .  The d i f f u s e - p o r o u s  sp e c im e n s  w ere com posed  
o f  v e s s e l s  o f  ab ou t th e  same s i z e .  The w a te r  from  t h e s e  
c a p i l l a r i e s  em p tied  s im u l t a n e o u s ly ,  a s  shown b y  th e  
a b r u p t ch a n g e  in  s lo p e  o f  t h e  c u r v e s  i n  F ig u r e  2 1 .  Fur­
t h e r  in c r e a s e  in  c a p i l l a r y  p r e s s u r e  d id  n o t  r e d u c e  th e  
m o is tu r e  c o n t e n t  much f u r t h e r .  The p o r e  s p a c e s  i n  th e  
hardw oods w h ich  h e ld  t h e i r  w a te r  a t  p r e s s u r e s  h ig h e r  
th a n  t h o s e  a p p l ie d  in  t h i s  s tu d y  a r e  c o n c e iv a b ly  com­
p o se d  o f  f i b e r s  o f  v e r y  s m a ll  d ia m e t e r s .  S in c e  t h e s e  
f i b e r s  h a v e  s im p le  p i t s  and a r e  known t o  be im p e r f o r a te ,
15^
F ig u r e  2 3 a . C r o s s - s e c t i o n  o f  sycam ore  ( P la ta n u s  
o c c i d e n t a l i s  L . )  sh o w in g  th e  v a r i a ­
t i o n  and  d i s t r i b u t i o n  o f  c a p i l l a r y  
o p e n in g s .
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t h e y  te n d  t o  r e s i s t  d r a in a g e .  The s o f tw o o d s  a r e  com posed  
o f  t r a c h e i d s  (F ig u r e  23b ) w ith  p e r f o r a t e d  p i t  m em branes, 
and t h e r e f o r e  a l l  p o r e  s p a c e s  a r e  p o t e n t i a l l y  c a p a b le  
o f  a l lo w in g  p a s s a g e  o f  th e  l iq u id *  The e x t e n t  t o  w h ich  
th e  m o is tu r e  was r e d u c e d  d ep en d ed  upon th e  s i z e  o f  th e  
p i t  membrane p o r e s  and c o n s e q u e n t ly  on  t h e  c a p i l l a r y  
p r e s s u r e  t h a t  h e ld  t h e  l i q u i d  in  t h e  v o id  s p a c e s .  P i t  
a s p i r a t i o n  and d e p o s i t i o n  o f  e x tr a n e o u s  m a t e r i a l s  on  
th e  p i t  membrane w ou ld  h a v e  a p r o fo u n d  e f f e c t  on th e  
r e s u l t s .
I n  g e n e r a l ,  t h e  m o is tu r e  c o n t e n t  w as lo w e s t  a t  
th e  u p str ea m  end o f  th e  sa m p le  ( S l i c e  5) and i t  in c r e a s e d  
to w a rd s t h e  o p p o s i t e  end ( S l i c e  1 ) a s  shown in  T a b le  3 0 .  
H ow ever, th e  m o is tu r e  c o n t e n t  in  th e  dow nstream  end  
( S l i c e  1 ) was lo w e r  in  a l l  s p e c i e s  th a n  t h e  a d ja c e n t  
s l i c e  ( S l i c e  2 ) ,  w h ich  may h ave  b e e n  c a u se d  by some 
e v a p o r a t io n  d u r in g  w e ig h in g  o r  by im p rop er d r a in a g e  due 
t o  im p ro p er  c o n t a c t  b e tw e en  t h e  sp e c im e n  and th e  e n d -  
e f f e c t  p i e c e .  S lo b o d  e t  a l  (1 9 5 1 )  w arned a b o u t p o s s i b l e  
e v a p o r a t io n  l o s s e s  a t  h ig h  r o t a t i o n a l  s p e e d s .
In  a g iv e n  s l i c e ,  t h e  s i d e  o f  th e  sa m p le  in  th e  
"Out" p o s i t i o n  -  t h e  s i d e  f a r t h e r  from  th e  r o t a t i o n a l  
a x i s  -  had  h ig h e r  m o is tu r e  c o n t e n t  th a n  th e  o p p o s i t e  
s i d e  a s  shown in  T a b le  3 0 .  T h is  d i f f e r e n c e  i n  m o is tu r e  
c o n t e n t  w as e x p e c te d  s i n c e  c e n t r i f u g a l  f o r c e  t e n d s  t o
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F ig u r e  2 3 b . C r o s s - s e c t i o n  o f  b a ld c y p r e s s  (T axodium  
d is t ic h u m  L . R ic h . )  sh o w in g  th e  v a r i a ­
t i o n  a n d d i s t r i b u t i o n  o f  c a p i l l a r y  
o p e n in g s •
T ab le  3 0 . A verage m o is tu r e  c o n te n t  {p e r c e n t ) d i s t r i b u t i o n  a lo n g  th e  le n g th  o f  
th e  c a p i l l a r y  p r e s s u r e  sp ec im en s
S l i c e 1 S l i c e  2 S l i c e  3 S l i c e  4  S l i c e  5
S p e c ie s  Out I n ^ ^ ^ O u t  In  Out In  Out In  Out In
A m erican e lm i
Sapwood 7 0 .2 1  6 5 ,8 4  ? 2 .8 l  6 8 .9 4  6 8 . 8 9  6 4 .3 7  6 3 . 6 0  6 3 . 9 2  5 9 -7 4  5 7 .5 6
H eartw ood 6 0 .2 9  5 9 .5 7  6 5 . 6 2  59*58 6 8 .8 1  6 5 .2 0  7 1 .9 7  6 7 .7 3  6 7 .6 4  6 5 . 7 0
Sycam ore 1
Sapwood 5 6 .0 0  5 2 .3 4  5 9 .7 5  5 3 .5 0  5 7 .8 1  5 2 ,0 9  5 4 .6 6  5 0 . 6 3  5 0 .8 7  4 8 .6 6
H eartw ood 6 1 . 6 5  5 9 , 5 0  6 6 .0 1  6 2 .3 4  6 6 .3 1  6 0 . 6 9  6 4 .2 1  5 9 .4 9  5 8 .1 3  5 5 .9 0
B a ld c y p r e s s 1
Sapwood 35*08 3 4 .1 8  3 4 . 2 1  3 5 .2 5  3 5 .4 1  3 4 .4 7  3 4 .6 5  3 4 .1 0  3 3 .6 0  3 2 ,7 9
H eartw ood 3 4 .0 2  3 4 .4 6  3 4 .1 1  3 4 .7 6  3 3 . 7 2  33*72  3 2 .9 0  3 3 .0 4  3 2 .0 2  3 1 .5 6
^ S a m p le s  w ere p o s i t i o n e d  in  th e  c e n t r i f u g e  head in  su ch  a  way th a t  one s id e  
w as a lw a y s c l o s e s t  t o  th e  c e n t e r  o f  r o t a t i o n .  T h is  s id e  was l a b e l l e d  th e  “In" p o ­
s i t i o n .  The o p p o s i t e  s id e  was th e  "Out" p o s i t i o n .
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th r o w  an o b j e c t  aw ay from  t h e  c e n t e r  o f  r o t a t i o n .  The 
m ovem ent o f  m o is t u r e  a lo n g  t h e  l e n g t h  o f  t h e  sp e c im e n  
a p p a r e n t ly  had a  l a t e r a l  com p on en t e v e n  in  t h e  h a r d ­
wood s p e c im e n s .
The c o r r e l a t i o n  and r e g r e s s i o n  a n a l y s e s  made t o  
d e te r m in e  t h e  r e l a t i o n s h i p  o f  th e  p e r c e n t  m o is t u r e  c o n ­
t e n t  and d e g r e e  o f  s a t u r a t i o n  w it h  t h e  lo g a r i t h m  o f  
p e r m e a b i l i t y  a r e  show n i n  T a b le  31* When t h e  v a l u e s  f o r  
t h e  hard w ood s and s o f t w o o d s  w e re  a n a ly z e d  t o g e t h e r ,  a  
h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  w as d e t e c t e d  b e tw e e n  t h e  
l o g a r i t h m  o f  p e r m e a b i l i t y  and  t h e  m o is t u r e  c o n t e n t  a t  
t h e  en d  o f  t h e  r u n .  When a n a ly z e d  s e p a r a t e l y ,  t h e  h a r d ­
w ood s w e re  o b s e r v e d  t o  h a v e  a  h i g h l y  n e g a t i v e  s i g n i f i ­
c a n t  c o r r e l a t i o n  b u t  no c o r r e l a t i o n  w as o b s e r v e d  in  t h e  
s o f t w o o d s .  The l a c k  o f  c o r r e l a t i o n  i n  t h e  s o f tw o o d s  
a r o s e  b e c a u s e  a l l  t h e  s p e c im e n s  w ere  d e - s a t u r a t e d  t o  
a b o u t  t h e  sam e m o is t u r e  c o n t e n t  r e g a r d l e s s  o f  p e r m e a b i l ­
i t y .
No c o r r e l a t i o n  w as d e t e c t e d  b e tw e e n  t h e  lo g a r i t h m  
o f  p e r m e a b i l i t y  and p e r c e n t  s a t u r a t i o n  in  t h e  h ardw oods  
w h i l e  a  h i g h l y  s i g n i f i c a n t  r e g a t i v e  c o r r e l a t i o n  w as 
o b s e r v e d  i n  t h e  s o f t w o o d s  (T a b le  3 1 )*  D e s p i t e  t h e  f a c t  
t h a t  th e  s o f t w o o d s  w ere  d e - s a t u r a t e d  t o  a b o u t  t h e  sam e 
m o is t u r e  c o n t e n t ,  t h e  m o is t u r e  r e m a in in g  i n  t h e i r  p o r e  
s p a c e s  r e p r e s e n t e d  v a r io u s  s a t u r a t i o n  l e v e l s .  T h is  i n d i -
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T a b le  3 1 . C o r r e la t io n  arid r e g r e s s i o n  a n a ly s e s  o f  th e  
m o is tu r e  c o n t e n t  and s a t u r a t i o n  on  th e  
lo g a r i t h m  o f  p e r m e a b i l i t y  o f  t h e  c a p i l l a r y  
p r e s s u r e  sp e c im e n s  ( R e g r e s s io n  and c o r r e ­
l a t i o n  c o e f f i c i e n t s )
n
M o is tu r e
c o n t e n t S a t u r a t io n
O v e r a l l 24 5 .6 8 8 1 0 .0 3 5 7
0 .5 2 4 0 * * 0 .4 9 8 7 *
H ardwoods U - 8 .0 2 2 6 0 .0 2 8 4
- 0 .6 6 5 4 * * 0 .4 0 0 4
S o ftw o o d s 8 0 .3 1 4 2 - 0 .0 1 6 7
0 .2 2 0 1 - 0 .9 1 3 1 * *
* S i g n i f i c a n t  a t  0 .0 5 *
** Significant at 0.01.
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c a t e s  t h a t  t h e  s p e c im e n s  had v a r y in g  p o r o s i t i e s  and  
c o n s e q u e n t ly  v a r y in g  s p e c i f i c  g r a v i t i e s  a s  show n b y  th e  
v a r i a t i o n  in  maximum m o is tu r e  c o n t e n t  (T a b le  3 5  o f  
A p p en d ix  I I I ) .  The m ore p e r m e a b le  s o f tw o o d  sp e c im e n s  
had h ig h e r  m o is tu r e  c o n t e n t s  a t  s a t u r a t i o n .  S in c e  th e  
s p e c im e n s  w e re  o f  a b o u t  t h e  sam e v o lu m e , t h o s e  sh o w in g  
h ig h e r  maximum m o is t u r e  c o n t e n t  v a l u e s  c o n t a in e d  g r e a t e r  
vo lu m e o f  m o i s t u r e .  T h e se  s p e c im e n s  had t o  l o s e  m ore 
w a te r  d u r in g  c e n t r i f u g i n g  in  o r d e r  t o  h a v e  a  m o is tu r e  
c o n t e n t  s i m i l a r  t o  t h e  l e s s  p e r m e a b le  s p e c im e n s .  In  
e f f e c t ,  th e  p e r m e a b i l i t y  o f  t h e  s p e c im e n s  w as d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  am ount o f  m o is tu r e  r e m o v e d . I f  su ch  
w as t h e  c a s e ,  t h e  m o is t u r e  c o n t e n t  s h o u ld  b e  n e g a t i v e l y  
c o r r e l a t e d  w i t h  th e  p e r c e n t a g e  s a t u r a t i o n .  T he r e s u l t s  
o f  a  c o r r e l a t i o n  a n a l y s i s  (T a b le  3 2 ) in d e e d  show  n e g a ­
t i v e  c o r r e l a t i o n  b e tw e e n  t h e  d e g r e e  o f  s a t u r a t i o n  and  
t h e  maximum m o is tu r e  c o n t e n t  o f  th e  s p e c im e n s .
The m o is t u r e  c o n t e n t  t o  w h ic h  th e  s o f t w o o d s  w ere  
d e - s a t u r a t e d  i s  c o m p a ra b le  t o  t h o s e  o b t a in e d  i n  a  s i m i ­
l a r  s tu d y  b y  Perem  (1 9 5 * 0  in  r e d  p in e  and w h it e  s p r u c e .  
He wan a b le  t o  r e d u c e  t h e  m o is tu r e  c o n t e n t  o f  r e d  p in e  
t o  30.*1- t o  3 1 * 7  p e r c e n t  and t o  3** p e r c e n t  i n  w h it e  
s p r u c e .  r̂ h i l e  Perem  c o n c lu d e d  t h a t  th e  m o is t u r e  c o n t e n t s  
h e o b t a in e d  c o u ld  b e  ta fcen  a s  t h e  f i b e r  s a t u r a t i o n  p o in t  
o f  th e  s p e c i e s  he s t u d i e d ,  t h i s  c o n c lu s i o n  c a n n o t  be
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T a b le  3 2 . C o r r e la t io n  and r e g r e s s i o n  a n a ly s e s  o f  th e  
m o is tu r e  c o n t e n t  and s a t u r a t i o n  on th e  
maximum m o is tu r e  c o n t e n t  o f  th e  c a p i l l a r y  
p r e s s u r e  sp e c im e n s  ( R e g r e s s io n  and c o r r e ­
l a t i o n  c o e f f i c i e n t s )
n
M o is tu r e
c o n t e n t S a t u r a t io n
O v e r a l l 24 0 .0 2 2 9
0 .0 3 8 6
- 0 .0 0 1 6
- 0 .4 1 0 3 *
H ardwoods 16 0 .2 2 1 8
0 .7 1 6 2 * *
- 0 .0 0 1 0
- 0 .5 7 4 9 *
S o ftw o o d s 8 0 .0 4 5 2
0 .5 8 4 6
- 0 .0 0 0 9
-0 .9 4 4 8 * *
* S i g n i f i c a n t  a t  0 .0 5 *
** Significant at 0.01.
1 6 2
made h e r e  w ith o u t  r e s e r v a t i o n .  One s h o u ld  be aw are t h a t  
a lth o u g h  th e  c a p i l l a r y  p r e s s u r e  c u r v e s  o b ta in e d  i n  t h i s  
s tu d y  f o r  th e  b a ld c y p r e s s  w ere a s y m p to t ic  a t  th e  end  
o f  th e  r u n , a  p o s s i b i l i t y  e x i s t s  t h a t  f r e e  m o is tu r e  
may s t i l l  be h e ld  in  t i n y  c a p i l l a r i e s  b y  f o r c e s  f a r  in  
e x c e s s  th a n  t h o s e  u se d  in  t h i s  s t u d y .
SUMMARY AND CONCLUSIONS
Some o f  t h e  f a c t o r s  a f f e c t i n g  th e  f lo w  o f  g a s  and 
l i q u i d  th r o u g h  s o f tw o o d s  and hardw oods w e re  s tu d ie d *  
L o n g it u d in a l  d o w e ls  m e a su r in g  7 / 8 - i n c h  i n  d ia m e te r  and  
1 .2  in c h e s  lo n g  w ere p r e p a r e d  from  f r e s h l y  c u t  d i s c s  
o b t a in e d  from  co m m e rc ia l s p e c i e s  fo u n d  i n  L o u is ia n a .
The p e r m e a b i l i t y  o f  th e  sp e c im e n s  t o  w a te r  w as
d e te r m in e d  in  n e v e r - d r ie d  c o n d i t i o n  and a f t e r  d r y in g  t o
f i b e r  s a t u r a t i o n  p o i n t  and r e - s a t u r a t i o n .  P e r m e a b i l i t y  
t o  n i t r o g e n  g a s  a t  a b o u t f i b e r  s a t u r a t i o n  w as m easu red  
u s in g  a  mean p r e s s u r e  o f  1 .2  a tm . Gas p e r m e a b i l i t y  a t  
v a r io u s  mean p r e s s u r e s  w as a l s o  d e te r m in e d  and p l o t t e d  
a g a in s t  th e  r e c i p r o c a l  o f  mean p r e s s u r e  t o  d e te r m in e  i f
th e  e x t r a p o la t e d  v a lu e  o f  g a s  p e r m e a b i l i t y  a t  i n f i n i t e
p r e s s u r e  a g r e e s  w ith  t h e  w a te r  p e r m e a b i l i t y  o f  th e  s p e c ­
im e n s . The r e l a t i v e  p e r m e a b i l i t y  o f  th e  sa m p le s  w as 
m easu red  b y  s im u lta n e o u s  f lo w  o f  g a s  and w a t e r .  B o th  
t h e  d r a in a g e -  and im b i b i t i o n - t y p e  m easu rem en ts w ere  
m ade. The r e l a t i o n s h i p  w as s t u d i e d  b e tw e e n  p e r m e a b i l i t y  
and t r e a t a b i l i t y  w ith  b o th  w a te r -b o r n e  and o i l  p r e s e r ­
v a t i v e s .  A ls o  i n v e s t i g a t e d  w as t h e  e f f e c t  o f  c a p i l l a r y  
p r e s s u r e  on  th e  rem o v a l o f  m o is tu r e  a b o v e  t h e  f i b e r  
s a t u r a t i o n  p o in t  on  b o th  s o f tw o o d s  and h a r d w o o d s .
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1 6 k
B ased  on  th e  r e s u l t s  o f  t h i s  s tu d y  th e  f o l lo w in g  
c o n c lu s io n s  may be draw n j
1 . C o n s ta n t  f lo w  r a t e  was o b t a in e d  i n  m o st perm e­
a b i l i t y  m easu rem en ts w ith  w a t e r .  In  a  few  i n s t a n c e s  th e  
p r e s s u r e  in c r e a s e d  b e f o r e  i t  becam e c o n s t a n t .
2 .  The p e r m e a b i l i t y  o f  t h e  hardw oods t o  w a te r  
in c r e a s e d  a f t e r  d r y in g  and r e - s a t u r a t i o n . The in c r e a s e  
w as a s  much a s  50 t im e s  i n  l e s s  p e r m e a b le  sp e c im e n s  
w h ile  th e  m ore p er m e a b le  sp e c im e n s  in c r e a s e d  b y  two t o  
t e n  f o l d s .  The in c r e a s e  may b e  due to  th e  r em o v a l o f  
e x t r a c t i v e s  d u r in g  d r y in g  a n d /o r  c h a n g e s  in  th e  m in u te  
s t r u c t u r e s  o f  th e  wood w h ic h  w ere  i r r e v e r s i b l e .  A n o th er  
c a u s e  c o u ld  b e  in c o m p le te  s a t u r a t i o n  o f  t h e  s p e c im e n s .
3 .  Gas p e r m e a b i l i t y  was fo u n d  t o  be c o n s i s t e n t l y  
h ig h e r  th a n  w a te r  p e r m e a b i l i t y  in  th e  hardw ood s p e c i ­
m en s. I n  t h e  so ftw o o d  sp e c im e n s  g a s  p e r m e a b i l i t y  was 
n o t  fou n d  t o  b e  s i g n i f i c a n t l y  d i f f e r e n t  from  w a te r  p e r ­
m e a b i l i t y .  T h is  may be due t o  in c r e a s e d  p i t  a s p i r a t i o n  
b r o u g h t a b o u t b y  d r y in g .
k .  When th e  r a t i o  o f  g a s  t o  w a te r  p e r m e a b i l i t y  
w as p l o t t e d  a g a i n s t  th e  lo g a r ith m  o f  w a te r  p e r m e a b i l i t y ,  
a  h i g h ly  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w as d e t e c t e d .  
T h is  i n d i c a t e s  t h a t  th e  e f f e c t  o f  g a s  s l i p p a g e  a lo n g  
t h e  c a p i l l a r y  w a l l s  d e c r e a s e d  w ith  i n c r e a s i n g  perm e­
a b i l i t y .
1 6 5
5 .  The r e l a t i v e  p e r m e a b i l i t y  o f  wood f o r  b o t h  
d r a in a g e  and i m b i b i t i o n  s a t u r a t i o n  h i s t o r i e s  c o u l d  b e  
c o n v e n i e n t l y  m e a su r e d .  The sh a p e  o f  t h e  r e l a t i v e  perm e­
a b i l i t y  c u r v e  i s  more a  f u n c t i o n  o f  t h e  wood s t r u c t u r e  
th a n  i t s  s p e c i f i c  p e r m e a b i l i t y .  The s o f t w o o d  s t u d i e d  
was d r a in e d  t o  a  much lo w e r  s a t u r a t i o n  t h a n  t h e  r i n g -  
p o r o u s  w ood . In  i m b i b i t i o n - t y p e  m ea su rem en ts  t h e  s o f t ­
wood s p e c im e n s  a t t a i n e d  a  h i g h e r  s a t u r a t i o n  th a n  t h e  
hardw ood s p e c i m e n s .  On t h e  o t h e r  han d , t h e  hardwood  
s p e c im e n s  a t t a i n e d  a  much h i g h e r  r e l a t i v e  p e r m e a b i l i t y  
th a n  t h e  s o f t w o o d  s a m p le s .  T h is  was a t t r i b u t e d  t o  t h e  
e f f e c t s  o f  p i t  a s p i r a t i o n  a n d /o r  t h e  f o r m a t io n  o f  g a s -  
w a te r  i n t e r f a c e  b l o c k i n g  t h e  movement o f  t h e  l i q u i d  
th r o u g h  t h e  s o f t w o o d  s p e c i m e n s .
6 .  A h i g h  d e g r e e  o f  c o r r e l a t i o n  w as o b t a in e d  
b e tw e e n  t h e  l o g a r i t h m  o f  t h e  v a r i o u s  p e r m e a b i l i t y  v a l ­
u e s  and t h e  t r e a t a b i l i t y  b y  c o p p e r  s u l f a t e  and c r e o s o t e .  
H ig h e r  c o r r e l a t i o n s  w ere  o b t a i n e d  in  t h e  hardw oods th a n  
in  t h e  s o f t w o o d s .  The lo w e r  c o r r e l a t i o n  o b t a i n e d  i n  th e  
s o f t w o o d s  may be  a t t r i b u t e d  t o  p i t  a s p i r a t i o n  a n d /o r  
t h e  l i m i t e d  number o f  s p e c im e n s  s t u d i e d .  Among t h e  
h ard w o od s , t h e  s e m i - r i n g - p o r o u s  s p e c im e n s  showed t h e  
l o w e s t  c o r r e l a t i o n s .  T h is  i s  n o t  due t o  t h e  s t r u c t u r e
o f  t h e  wood b u t  t o  t h e  f a c t  t h a t  t h e  s p e c i e s  s t u d i e d  
w ere  a l l  m o d e r a t e ly  p e r m e a b le  and t h a t  t h e  r e l a t i o n s h i p
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b e tw e e n  p e r m e a b i l i t y  and t r e a t a b i l i t y  among m o d e r a t e ly  
p e r m e a b le  s p e c im e n s  i s  h i g h l y  v a r i a b l e .
7 .  The e f f e c t i v e  p e r m e a b i l i t y  (k  ) a t  t h e  end o f
© W
t h e  r e l a t i v e  p e r m e a b i l i t y  ru n  d id  n o t  g i v e  t h e  h i g h e s t  
c o r r e l a t i o n  b e tw e e n  p e r m e a b i l i t y  and t r e a t a b i l i t y .  I t  
w a s ,  h o w e v e r ,  one o f  t h e  two b e s t  v a r i a b l e s  f o r  p r e ­
d i c t i n g  t r e a t a b i l i t y  and i t B  i n c l u s i o n  i n  c o r r e l a t i o n  
a n a l y s e s  s h o u ld  en h an ce  t h e  a c c u r a c y  f o r  p r e d i c t i n g  t h e  
t r e a t a b i l i t y  o f  wood.
8 .  The p e r m e a b i l i t y  o f  m atch ed  s p e c im e n s  c o u ld  
b e  u s e d  a s  an in d e x  o f  t h e  t r e a t a b i l i t y  o f  a  p i e c e  o f  
w ood.
9 .  The rem o v a l o f  m o is t u r e  ab ov e  t h e  f i b e r  s a t u ­
r a t i o n  p o i n t  b y  c e n t r i f u g i n g  was fo u n d  t o  be  r e l a t e d  
t o  t h e  s t r u c t u r e  o f  t h e  w ood . The s o f tw o o d  was r e d u c e d  
t o  a  much lo w e r  s a t u r a t i o n  th a n  t h e  hardwood sp e c im e n s*  
The c a p i l l a r y  p r e s s u r e  c u r v e  w as a l s o  a f u n c t i o n  o f  t h e  
s t r u c t u r e  o f  t h e  w ood . W ith in  a  g i v e n  s p e c i e s ,  t h e  
volum e o f  m o is t u r e  rem oved was fo u n d  t o  be r e l a t e d  t o  
t h e  s p e c i f i c  p e r m e a b i l i t y  o f  t h e  s p e c im e n .
S e v e r a l  s t u d i e s  s h o u ld  be  made c o r o l l a r y  t o  t h i s  
i n v e s t i g a t i o n .  A d e c r e a s i n g  f l o w  r a t e  was o b s e r v e d  d u r ­
i n g  p e r m e a b i l i t y  m ea su rem en ts  t o  w a t e r  in  lo w  perm e­
a b i l i t y  s p e c im e n s .  The p r e s e n c e  o f  a i r  b u b b le s  i n  t h e  
s y s t e m  h a s  b e e n  shown t o  c a u s e  t h i s  phenomenon ( K e l s o
1 6 ?
e t  a l  1 9 6 3 )*  I n  a d d i t i o n  t o  c a v i t a t i n g  t h e  w a t e r ,  
s t u d i e s  s h o u l d  h e  made t o  d e t e r m in e  an  e f f e c t i v e  m eth o d  
o f  s a t u r a t i n g  wood s p e c i m e n s .
More s t u d i e s  s h o u l d  b e  made t o  b e t t e r  u n d e r s t a n d  
t h e  i n t e r - r e l a t i o n s h i p s  b e t w e e n  g a s  and l i q u i d  p e r m e ­
a b i l i t y .  T h e o r e t i c a l l y ,  t h e  e x t r a p o l a t e d  v a l u e  o f  t h e  
g a s  p e r m e a b i l i t y  a t  i n f i n i t e  p r e s s u r e  B h o u ld  b e  e q u i v ­
a l e n t  t o  t h e  l i q u i d  p e r m e a b i l i t y ,  b u t  t h i s  h a s  n o t  b e e n  
fo u n d  t o  b e  t h e  c a s e  i n  t h i s  i n v e s t i g a t i o n .  T h e r e f o r e  
more e f f o r t  s h o u l d  b e  made t o  u n d e r s t a n d  t h e  c a u s e s  o f  
t h i s  d i s c r e p a n c y .  L i q u i d s  o t h e r  t h a n  w a t e r ,  p a r t i c u l a r l y  
t h o s e  t h a t  do n o t  r e a c t  w i t h  w o o d , s h o u l d  b e  u s e d .  F u r ­
t h e r m o r e ,  f a c t o r s  a f f e c t i n g  g a s  p e r m e a b i l i t y  o f  w o od ,  
su c h  a s  m o i s t u r e  c o n t e n t ,  sa m p le  l e n g t h ,  w ood  h i s t o r y ,  
e t c . ,  s h o u l d  b e  e v a l u a t e d .  I t  w o u ld  a l s o  b e  i n t e r e s t i n g  
t o  co m p a re  t h e  p e r m e a b i l i t y  o f  w ood w i t h  t h a t  o f  n o n -  
h y g r o s c o p i c  m a t e r i a l s .
T he e f f e c t i v e  p e r m e a b i l i t y  o f  t h e  s p e c im e n  a t  t h e  
end o f  t h e  r e l a t i v e  p e r m e a b i l i t y  m e a su r e m e n t  w as  
e x p e c t e d  t o  g i v e  t h e  b e s t  i n d e x  o f  wood t r e a t a b i l i t y ,  
s i n c e  i t s  m e a su r e m e n t  c o n f o r m s  t o  a c t u a l  p r e s e r v a t i v e  
t r e a t m e n t ,  b u t  o t h e r  v a l u e s  o f  p e r m e a b i l i t y  g a v e  b e t t e r  
r e s u l t s . T h e r e f o r e , f u r t h e r  i n v e s t i g a t i o n s  s h o u l d  b e  
made t o  g a i n  an  i n s i g h t  on  t h e  m e c h a n ism s  t h a t  a c t u a l l y  
t a k e  p l a c e  w hen l i q u i d s  p e n e t r a t e  w o o d . T h i s  k n o w le d g e
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i s  v a l u a b l e  i n  i n d u s t r i e s  w h ic h  d e a l  w i t h  t h e  im p regn a­
t i o n  o f  f l u i d s  i n t o  w ood .
An e n c o u r a g in g  r e s u l t  was o b t a i n e d  i n  t h e  s t u d y  
o f  c a p i l l a r y  p r e s s u r e  m ea su r em e n t .  The r em o v a l  o f  m o i s ­
t u r e  from  wood ab ove  f i b e r  s a t u r a t i o n  p o i n t  i s  h i g h l y  
r e l a t e d  t o  t h e  p r e s s u r e  t h a t  h o l d s  t h e  m o is t u r e  i n  t h e  
c a p i l l a r i e s .  T h is  s t u d y  s h o u ld  be  c o n t in u e d  t o  u n d e r ­
s t a n d  t h e  m echanism  o f  m o i s t u r e  r em o v a l from  w ood, s i n c e  
i t  may l e a d  t o  b e t t e r  d r y in g  m eth o d s  and c o n s e q u e n t l y  
t o  l e s s  d r y in g  d e g r a d e s .
M ost o f  t h e  m echan ism s o f  f l u i d  movement i n  wood 
a p p ea r  t o  b e  r e l a t e d  t o  t h e  a n a t o m ic a l  s t r u c t u r e  o f  t h e  
m a t e r i a l .  More s t u d i e s  r e l a t i n g  t o  wood anatom y and  
f l u i d  f l o w  s h o u ld  be u n d e r ta k e n  s i n c e  t h i s  may h o ld  t h e  
k e y  t o  u n d e r s t a n d in g  t h e  c o m p le x  n a t u r e  o f  f l u i d  move­
m ent i n  wood and o t h e r  p o r o u s  m a t e r i a l s .
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o f  c e r t a i n  h ard w ood s and e f f e c t s  o n  d r y i n g .  I .  
T r a n s v e r s e  p e r m e a b i l i t y  o f  wood t o  m i c r o - f i l t e r e d  
w a t e r .  H o lz f o r s c h u n g  2 5 ( 4 ) 11 2 7 - 1 3 3 .
K l i n k e n b e r g ,  L . J .  1 9 4 1 .  The p e r m e a b i l i t y  o f  p o r o u s
m e d ia  t o  l i q u i d s  and g a s e s .  Am. P e t r .  I n s t .  P r o d .  
P r a c .  2 0 0 - 2 1 5 .
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L i e s e ,  W., and J .  B au ch .  1967* On t h e  c l o s u r e  o f  b o r ­
d e r e d  p i t s  i n  c o n i f e r s .  Wood S c i .  and T e c h .  1 ( 1 ) i 
1 - 1 3 .
L i n ,  R. T . # E .  P .  L a n c a s t e r ,  and R. L . Krahmer. 1973*  
L o n g i t u d i n a l  p e r m e a b i l i t y  o f  w e s t e r n  h e m lo c k .
I .  S t e a d y - s t a t e  p e r m e a b i l i t y .  Wood and F ib e r  
4 ( 4 ) 1 2 7 8 - 2 8 9 .
Mehner,  W. 1937* G a s a u s s c h e i d u n g e n  a l s  u r s a c h e  d e s
f i l t e r e f f e k t e s  (G as s e p a r a t i o n  a s  c a u s e  o f  th e  
f i l t e r  e f f e c t ) .  Chem. F a b r .  1 0 i 2 - 1 2 .
M eyer,  R . W. 1971* I n f l u e n c e  o f  p i t  a s p i r a t i o n  on
e a r ly w o o d  p e r m e a b i l i t y  o f  D o u g l a s - f i r .  Wood and  
F ib e r  2 ( 4 ) > 3 2 8 - 3 3 9 ■
M i l l e r ,  D. J .  1 9 6 1 .  P e r m e a b i l i t y  o f  D o u g l a s - f i r  i n  
O regon .  F o r e s t  P r o d .  J .  I l ( l ) i l 4 - l 6 .
Muskat,  M. 1937* The f l o w  o f  hom ogeneous  f l u i d s  t h r o u g h  
p o r o u s  m e d i a .  J .  N. Edwards,  I n c . ,  Ann A r b o r .
763  p .
N a r a y a n a m u rti ,  D . ,  V. R an ga n a th a n , and R. S .  R a ta .
1 9 5 1 .  Bewegung v o n  F l u e s s i g k e i t e n  d u rch  H o lz  
(Movement o f  l i q u i d s  th r o u g h  w o o d ) .  H o lz  a l s  
R o h -u n d -W e r k s to f f  9 ( 1 1 ) i 4 2 2 - 4 2 6 .
O soba, J .  S . ,  J .  G. R ic h a r d s o n ,  J .  K. K e r v e r ,  J .  A .
H a f f o r d ,  and P .  M. B l a i r ,  1951* L a b o r a to r y  mea­
su r e m e n ts  o f  r e l a t i v e  p e r m e a b i l i t y .  P e t r .  T r a n s .  
AIME 1 9 2 i 4 7 - 5 6 .
P a n s h in ,  A . J . ,  and C . deZ eeuw . 1 9 6 4 .  T e x tb o o k  o f  wood 
t e c h n o l o g y .  V o l .  1 .  M cG raw -H ill,  I n c . ,  New Y ork .  
7 05  p .
P erem , E .  1 9 5 4 ,  D e t e r m in a t io n  o f  t h e  f i b e r  s a t u r a t i o n  
p o i n t  o f  wood b y  c e n t r i f u g i n g .  J .  F o r e s t  P ro d .
R e s .  S o c .  4 ( 2 ) i 7 7 - 8 1 .
P h i l l i p s ,  E .  W. J .  1 9 3 3 .  Movement o f  p i t  membrane i n
c o n i f e r o u s  woods w i t h  s p e c i a l  r e f e r e n c e  t o  p r e s e r ­
v a t i v e  t r e a t m e n t .  F o r e s t r y  7 11 0 9 - 1 2 0 .
R e s c h ,  H . ,  and B . A . E c k lu n d .  1 9 6 4 .  P e r m e a b i l i t y  o f
wood . . . e x e m p l i f i e d  b y  m easu rem en ts  on red w oo d .  
F o r e s t  P r o d .  J .  1 4 ( 5 ) 11 9 9 - 2 0 6 .
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S c h e i d e g g e r ,  A . E .  1 9 5 7 .  The p h y s i c s  o f  f l o w  th r o u g h  
p o r o u s  m e d ia .  M cM illan  C o . ,  New Y ork . 236 p .
S c h u l t z e ,  B . ,  and  G. T h ed en . 1 9 4 2 .  The p e n e t r a t i o n  o f  
wood p r e s e r v a t i v e s  and m eth ods o f  t e s t i n g  i t .
I .  Laws g o v e r n in g  t h e  p e n e t r a t i o n  o f  l i q u i d s  i n t o  
w ood. W i s s e n s c h a f t l i c h e  A b handlungen  d e r  d e u t s c h e n  
M a t e r i a l p r u e f u n g s a n s t a l t e n  2 ( 3 ) 167- 7 8 . ( O r i g i n a l  
n o t  s e e n .  F o r e s t r y  A b s t r .  1 0 t 1 2 6 6 . )
S e b a s t ia n ,  L . P . ,  W. A . C o te , J r . ,  and C . S k a a r . 1965*  
R e la t io n s h ip  o f  g a s  p h a se  p e r m e a b i l i t y  t o  u l t r a ­
s t r u c t u r e  o f  w h ite  sp r u c e  w ood . F o r e s t  P r o d . J .  
1 5 ( 9 ) t 3 9 4 - 4 0 4 .
S i a u ,  J .  F .  1 9 6 9 * C o r r e c t i o n s  f o r  g a s  p e r m e a b i l i t y  mea­
su re m en t  b y  t h e  vo lum e d i s p la c e m e n t  m eth od .
F o r e s t  P r o d .  J .  1 9 ( 6 ) 136- 3 7 .
S i a u ,  J .  F . 1 9 7 1 .  F low  i n  w ood . S y r a c u s e  U n iv .  P r e s s ,
New Y ork . 131 p .
S i a u ,  J .  F . ,  and J .  S .  Shaw. 1 9 7 1 -  The t r e a t a b i l i t y  o f  
r e f r a c t o r y  s o f t w o o d s .  Wood and F ib e r  3 ( l ) i l - 1 2 .
S lo b o d ,  R. L . ,  A . Cham bers, and W. L . P r e h n , J r .  1951*  
Use o f  c e n t r i f u g e  f o r  d e t e r m in in g  c o n n a t e  w a t e r ,  
r e s i d u a l  o i l  and c a p i l l a r y  p r e s s u r e  c u r v e s  o f  
s m a l l  c o r e  s a m p le s .  P e t r .  T r a n s .  AIME I 9 2 i 1 2 7 - 1 3 4 .
S m ith ,  D . ,  and B . L e e .  1 9 5 8 .  The l o n g i t u d i n a l  p erm e­
a b i l i t y  o f  some hardw oods and s o f t w o o d s .  S p c .
R ep . F o r e s t  P ro d . R e s . 13• 13 p*
Stamm, A . J .  1 9 4 6 .  P a s s a g e  o f  l i q u i d s ,  v a p o r s  and d i s ­
s o l v e d  m a t e r i a l  th r o u g h  s o f t w o o d s .  U .S .  D ep .  
A g r i c . ,  T e c h .  B u l l .  929*  80 p .
_______ ______ . 1 9 6 3 . P e r m e a b i l i t y  o f  woods t o  f l u i d s .
F o r e s t  P r o d .  J .  1 3 ( 1 1 ) * 5 0 3 - 5 0 7 .
S u c o f f ,  E .  I . ,  P .  Y. S* Chen, and R. L .  H o s s f e l d .  1 9 6 5 . 
P e r m e a b i l i t y  o f  u n s e a s o n e d  xy lem  o f  n o r t h e r n  
w h it e  c e d a r .  F o r e s t  P r o d .  J .  1 5 ( 8 ) 13 2 1 - 3 2 4 .
S u t h e r l a n d ,  J .  H . ,  H. W. J o h n s t o n ,  and 0 .  M a a ss . 1 9 3 4 .  
F u r th e r  i n v e s t i g a t i o n s  o f  t h e  p e n e t r a t i o n  o f  
l i q u i d s  i n t o  w ood . C an ad ian  J .  R e s .  IO 136- 7 2 .
1 7 b
T e e s d a l e ,  C. H. 1 9 1 ^ . R e l a t i v e  r e s i s t a n c e  o f  v a r io u s  
c o n i f e r s  t o  i n j e c t i o n  w i t h  c r e o s o t e .  U .S .  D ep.  
A g r i c . ,  F o r e s t  S e r .  B u l l .  1 0 1 .  ^3 p»
T e s o r o ,  F . 0 . ,  E .  T . Choong, and C . S k a a r .  1 9 6 6 .  T r a n s ­
v e r s e  a i r  p e r m e a b i l i t y  o f  wood a s  an i n d i c a t o r  o f  
t r e a t a b i l i t y  w i t h  c r e o s o t e .  F o r e s t  P r o d .  J .
1 6 ( 3 ) * 5 7 - 5 9 .
_________, 0 .  K. K im b le r ,  and E .  T . C h oong . 1 9 7 2 .
D e t e r m in a t io n  o f  t h e  r e l a t i v e  p e r m e a b i l i t y  o f  
wood t o  o i l  and w a t e r .  Wood S c i .  5 ( 1 ) * 2 1 - 2 6 .
Thomas, R . J .  1 9 6 9 . The u l t r a s t r u c t u r e  o f  s o u t h e r n  p i n e  
b o r d e r e d  p i t  membranes a s  r e v e a l e d  b y  s p e c i a l i z e d  
d r y i n g  t e c h n i q u e s .  Wood and F ib e r  1 ( 2 ) 11 1 0 - 1 2 3 .
_________ . and  D. D. N i c h o l a s .  1 9 6 6 , P i t  membrane
s t r u c t u r e  i n  l o b l o l l y  p i n e  ? s  i n f l u e n c e d  bv s o l ­
v e n t  e x c h a n g e  d r y i n g .  F o r e s t  P r o d .  J .  1 6 ( 3 ) * 5 3 - 5 6 .
W ardrop, A . B . f and G. W. D a v i e s .  I 9 6 I .  M o r p h o lo g ic a l  
f a c t o r s  r e l a t i n g  t o  t h e  p e n e t r a t i o n  o f  l i q u i d s  
i n t o  w ood . H o lz f o r s c h u n g  1 5 ( 5 ) • 1 2 9 - 1 ^ 1 •
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DEFINITION OF SYMBOLS
X 7 5






















C r o s s - s e c t i o n a l  a r e a  o f  p o r o u s  medium. 
A c c e l e r a t i o n  o f  c e n t r i f u g e .
M a t e r i a l  c o n s t a n t *
M a t e r i a l  c o n s t a n t .
B a s i c  s p e c i f i c  g r a v i t y .
A c c e l e r a t i o n  due t o  g r a v i t y .
H e i g h t .
True p e r m e a b i l i t y  o f  p o r o u s  medium.
E f f e c t i v e  p e r m e a b i l i t y  t o  w a t e r .
P e r m e a b i l i t y  t o  g a s .
E x t r a p o l a t e d  g a s  p e r m e a b i l i t y  a t  
i n f i n i t e  p r e s s u r e .
R e l a t i v e  p e r m e a b i l i t y  t o  w a t e r .
P e r m e a b i l i t y  t o  w a t e r .
P e r m e a b i l i t y  t o  w a te r  a t  n e v e r - d r i e d  
c o n d i t i o n .
P e r m e a b i l i t y  t o  w a te r  a f t e r  d r y i n g  
and r e - s a t u r a t i o n .
E f f e c t i v e  l e n g t h  o f  p o r o u s  medium.
M o le c u la r  w e i g h t .
M ass .
M o is tu r e  c o n t e n t  b e lo w  maximum 
s a t u r a t i o n .
M o is tu r e  c o n t e n t  a t  maximum s a t u r a t i o n .
Number o f  r e v o l u t i o n s  o f  c e n t r i f u g e  
h ead  •
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Sym bol D e f i n i t i o n
P P r e s s u r e .
P a U pstream  p r e s s u r e .
P 2 D ow nstream  p r e s s u r e .
P C a p i l l a r y  p r e s s u r e .
P^ P r e s s u r e  u n d er  t h e  m e n i s c u s .
P P r e s s u r e  on  c o n c a v e  s i d e  o f  m e n i s c u s ,o
A P P r e s s u r e  drop  a c r o s s  t h e  p o r o u s  medium,
Q Volume f l o w  r a t e .
R Gas c o n s t a n t ,
r  R a d iu s  o f  c a p i l l a r y .
r c  R a d iu s  o f  r o t a t i o n .
5 D e g r e e  o f  s a t u r a t i o n .
T A b s o lu t e  t e m p e r a t u r e ,
t  T im e .
v  V e l o c i t y .
6 D e n s i t y  o f  f l u i d .
9 C o n t a c t  ( w e t t i n g )  a n g l e .
X Mean f r e e  p a t h .
Y Adzum i c o n s t a n t  ( 0 . 9 )  f o r  a  s i n g l e
c a p i l l a r y .
p. V i s c o s i t y  o f  f l u i d .
it 3.1*H6.
a S u r fa c e  t e n s i o n .
D arcy  P e r m e a b i l i t y  u n i t




DERIVATION OF THE ADZUMI EQUATION
« _ ttt* AP P , vr4-ir2nRT-i^rr3 AP-i
Q -  B i n  ~  +  Y*-3 -IL s r J  l — J
X = (2 n /P ) (R T /ta )^ t  Y = 0 . 9
| |  = ( rtA ) ^
QP = Qgr* l ?, + 0 . 9 ( | ) ( 2 n R T A ) ^ ( r 3A ) ]  AP
H  = r V l + o ^ 5 > < 2" > % ( 4 >
I I = s n n + 3.oov9(|̂ >ĉ )
QP _ n r*  P , ttt* P , 1 2 . 0 2 9 6 i u5f - r-jn:+ 8”in;(—sr- ■'
gp  „  n r *  p {1  + 3 .8 2 ? X '
EP  1  jTT v r  '
Q -  TOg-ftf. J L  (1 + 3 /82y>.) (9)
8 p. L P r
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APPENDIX I I  B 
REDUCTION OF EQUATION ( 1 0 )  TO EQUATION ( 1 1 )
« ■ r r r f  + ¥ >  <1 0 >
By c o m b in in g  D a r c y ' s  Law and P o i s e u i l l e ' s  e q u a ­




t h e  f o l l o w i n g  r e l a t i o n s h i p  i s  o b t a in e d !
ir -  n  r *k  ~ ~E~K
S u b s t i t u t i n g  t h e  ab o v e  e q u a t io n  i n  e q u a t i o n  ( 1 0 ) ,
C om b in ing  D a r c y ' s  Law f o r  g a s  f l o w  and t h e  above  
e q u a t i o n  r e s u l t s  i n  t h e  f o l l o w i n g *
q *  *g  A AP P 
| i L P
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k  A AP P
- s
H L P
k  = k ( 1
g
+ ( i d
APPENDIX I I I  
DATA TABLES
T a b le  33* D ata  on p e r m e a b i l i t y  m easurem ents
S p ecim en s *w2 kg Kew kk
krw S
D arcy D arcy D arcy Darcy D arcy
B la c k  l o c u s t t
m i s / 7*3570 2 8 .3 5 0 4 2 8 .7 7 6 9 3 .2 9 3 7 0 .1 1 6 2 0 .3 4 8 3
1112 5*5192 2 0 .7 3 1 8 2 0 .8 0 4 6 4 .8 6 5 8 0 .2 3 4 7 0 ,4 0 4 2
1113 3 .6 9 6 1 2 9 .3 1 2 3 3 1 .1 9 2 6 5 .2 4 8 2 2 7 .8 6 5 9 0 .1 7 9 0 0 .3 6 5 3
1121 0 .0 2 9 7 0 .2 0 5 2 3 .0 6 3 9 0 .0 6 3 4 4 .9 0 9 0 0 .3 0 9 0 0 .6 1 8 2
1122 0 .0 0 7 1 0 .4 2 1 0 1 .5 0 2 3 0 .0 2 5 7 0 .1 6 1 9 0 ,0 6 1 0 0 .6 0 7 0
1123 0 .1 1 2 6 4 .3 3 1 3 1 0 .2 4 9 0 0 .3 4 1 4 1 .3 2 3 9 0 .0 7 8 8 0 .5 8 6 1
Am erican elm t
2111 2 .2 8 4 4 1 2 .6 0 6 9 1 5 .8 9 7 1 2 .8 1 8 0 1 6 .2 2 5 5
1 9 .2 7 4 0
0 .2 2 3 5 0 .3 3 9 2
2112 4 .2 2 3 9 1 4 .0 0 4 6 1 9 .4 5 5 1 5 .1 0 7 2 0 .3 6 4 7 0 .3 6 3 8
2113 5 .9 1 8 4 1 6 .6 9 7 2 1 8 .8 0 2 5 3 .6 4 1 1 2 2 .9 6 1 6 0 .2 1 8 1 0 .3 5 2 6
2121 0 .4 0 5 1 0 .3 7 1 5 2 .3 4 1 7 0 .1 8 1 0 2 .5 7 1 0 0 .4 8 7 2 0 .5 1 9 9
0 .5 2 9 42122 0 .6 6 2 4 0 .7 8 8 ? 3 .3 1 4 5 0 .3 1 5 8 3 .5 3 5 0 0 .4 0 0 4
2123 0 .9 8 6 4 1 .3 0 9 4 5 .7 8 0 0 0 .5 0 5 6 6 .9 3 3 7 O .3 8 6 I 0 .5 3 5 0
W hite oakt
3111 0 .9 8 0 8 6 .0 0 8 1 5 .4 9 5 8 1 .8 8 8 7 4 .1 9 0 0 0 .3 1 4 4 0 .5 2 2 5
3112 0 ,3 4 8 2 4 .1 5 2 0 4 .7 4 6 5
3 . 1 3 l 4
I .663 3 5 .6 4 7 6 0 .4 0 0 6 0 .4 4 9 7
3113 0 ,4 1 8 4 2 .7 1 8 3 1 .6 0 3 9 0 .4 4 3 6 0 .5 9 0 0 0 ,4 6 9 2
Table 33 (Continued)




0 .0 0 1 0
Darcy Darcy
0 .0 0 9 0
Darcy Darcy
3122 0 .0 0 0 1 — 0 .0 0 5 3 — - - - -
3123 0 .0 0 0 1 - - 0 .0 0 5 4 — — — —
H ackberryi
M i l 2 .3 1 8 5 1 5 .2 7 0 5 2 4 .5 0 3 1 2 .0 8 0 6 15=5543 0 .1 3 6 3 0 .3 5 4 8
4112 0 .5 2 7 8 1 .9 1 3 1 3 .9 7 4 5 0 .8 2 2 1 4 .4 8 0 8 0 .4 2 9 7 0 .5 3 6 3
4113 3 .1 5 3 7 2 2 .6 3 3 8 2 2 .7 9 2 5 2 .2 4 5 8 2 5 .2 0 8 0 0 .0 9 9 0 0 .3 3 4 ?
4121 3 .7 0 4 6 1 3 .4 6 7 5 1 8 .1 3 5 4 2 .2 3 0 9 1 0 .8 8 1 5 0 .1 6 5 7 0 .4 1 8 3
4122 0 .8 7 9 0 3 .0 5 7 3 5 .3 0 3 4 0 .5 1 1 6 4 .1 9 9 5 0 .1 6 7 4 0 .5 8 9 3
4123 1 .8 3 5 5 1 1 .3 3 9 9 1 6 .9 5 3 8 1 .6 1 8 3 1 4 .3 0 0 3 0 .1 4 2 7 0 .4 5 1 7
Sycamore t
5 U 1 2 .9 5 9 2 6 .6 0 5 2 1 2 .1 1 5 0 3 .8 1 2 6 1 0 .3 9 2 8 0 .5 7 7 2 O.5 31 2
0 .5 4 6 55112 0 .2 8 1 9 1 2 .3 8 4 8 1 3 .2 1 5 8 4 .2 3 9 8 1 4 .3 7 9 2 0 .3 4 2 3
5 H 3 4 .5 8 7 8 1 2 .4 1 3 1 1 7 .3 2 1 2 5 .5 6 3 6 1 7 .6 0 3 8 0 .4 4 8 2 0 .4 4 1 9
5121 1 .0 0 0 9 6 .2 9 9 8 1 3 .5 3 7 2 3 .4 3 1 5 1 3 .1 2 0 1 0 .5 4 4 7 0 .4 6 7 8
5122 0 .1 0 1 3 5 .8 9 4 6 1 2 .9 6 7 2 4 .0 2 2 0 1 3 .6 0 2 5
U .6 9 6 3
0 .6 8 2 3 0 .5 9 8 9
5123 1 .8 5 7 3 1 1 .8 5 2 1 2 2 .6 5 1 4 2 .3 8 9 2 0 .2 0 1 6 0 .5 0 2 3
S p ecim en s k ^  k ^
D arcy D arcy
Sweetgumi
6111 2 .7 4 0 7  2 .7 0 2 6
6112 1.1566  2.1220
6113 2 .1 9 7 5  3 .3 0 9 5
6121 1 .0 4 8 8  2 .2 9 4 6
61 22  2 .4 5 2 9  2 .7 0 2 9
6123  8 .7 5 0 9  2 .0 0 9 4
S o f t  maple^ / 1
7111 0 .0 0 6 5  0 ,3 0 5 0
7 1 12  0 .0 0 2 4  0 .2 0 7 4
7113 0 .0 0 6 3  0 .3 7 8 6
B la c k  w i l l o w 1
8111 1 .2 4 9 9  7 .9 6 4 3
8112 1 .6 5 9 1  6 .8 9 1 3
8113 1 .7 9 8 8  8 .7 9 6 9
8121 9 .0 8 1 8  6 .2 8 2 1
8122 4 .5 2 0 2  4 .7 2 0 3
8123 3 .8 0 1 3  3 .8 6 7 2
33 (Continued)
kg k ew *k rw S
D arcy D arcy Darcy
8 .3 1 7 1
1 1 .1 5 1 6
1 1 .8 6 5 2
0 .6 5 9 0
0 .1 2 5 7
0 .2 9 4 4
7 .8 1 0 8
6 .3 9 4 8
6 .9 7 0 4
0 .2 4 3 8
0 .0 5 9 2
0 .0 8 9 0
O .567I  
0 .5 4 6 9
0 .5 7 0 5
7 .6 4 7 6
1 0 .3 0 4 2
7 .5 9 7 2
0 .2 7 7 9
0 .2 2 9 1
0 .1 1 9 4
5 .0 3 5 5
6 .1 3 0 9
4 .6 5 4 1
0 .1 2 1 1
0 ,0 8 4 8
0 .0 5 9 4
0 .5 8 0 5
0 .5 6 3 1
0 .5 3 6 2
1 .5 2 2 6
2 .1 8 3 8
1 .8 0 2 9
0 .0 3 8 2
0 .0 3 3 0
0 . 0 5 H
2 .4 5 9 7
0 .2 6 2 3
4 .1 9 1 3
0 .1 2 5 2
0 .1 5 9 1
0 .1 3 4 6
0 .3 9 0 4
0 .3 5 5 7
0 .3 8 5 7
1 4 .2 6 4 7
1 4 .7 8 3 5
2 1 .6 2 9 1
3 .6 0 8 1
1 .9 3 8 4
2 .8 8 6 5
1 2 .3 2 1 1
1 1 .5 4 0 4
1 9 .4 0 6 3
0 .4 5 3 0
0 .2 8 1 3
0 .3 2 8 1
0 .3 9 1 2
0 .3 4 8 5
0 .3 7 2 0
1 4 .5 5 4 9
1 0 .5 6 6 6
9 .6 4 5 4
1 .1 4 7 1
1 .7 3 4 1
0 .9 7 6 6
6 .8 6 5 9
5 .3 1 4 6
9 .0 6 2 4
0 .1 8 2 6
0 .3 6 7 4
0 .2 5 2 5
0 .3 7 3 3
0 .4 1 8 6
0 .4 1 3 8
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Table 33 (Continued)
Specim ens **1 *w2 kg kew kk *rw S
Darcy Darcy D arcy Darcy Darcy
B la ck  w illo w *
9111 3.599** 5 .8 7 9 8 1 0 .5 1 8 8 1 .2 1 2 2 1 3 .8 7 9 8 0 .2 0 6 1 0 .4 2 2 3
9112 2 .9 9 9 5
8 .2 4 2 4
7 .8 2 4 4 1 7 .8 3 9 4 2 .0 3 0 5 1 6 .4 4 9 2 0 .2 5 9 5 0 .5 0 2 3
0 .4 3 3 59113 1 3 .2 4 0 7 1 6 .3 3 0 2 8 .2 3 5 7 1 8 .2 3 5 2 0 .6 2 2 0
Cottonwood*
10111 5 .0 3 5 5 4 .2 4 6 3 8 .4 3 1 7 1 .5 4 5 8 6 .2 3 7 5 0 .3 6 4 0 0 .4 4 4 1
10112 0 .7 3 7 1 4 .4 2 1 8 8 .5 3 5 9 0 .9 8 9 0 6 .7 1 4 1 0 .2 2 3 7 0 .4 6 1 1
10113 4 .9 2 1 7 5 .2 7 0 0 6 .5 1 8 8 1 .2 5 5 3 8 .8 7 9 4 0 .2 3 8 2 0 ,4 5 3 1
10121 2 .0 7 2 5 5 .5 4 5 3
1 3 .8 1 3 4
9 .6 2 5 4 1 .0 2 2 7 9 .5 0 0 1 0 .1 8 4 4 0 .5 3 0 6
0 .4 8 8 710122 2 .1 5 1 8 1 5 .0 9 5 7 2 .4 5 5 2 . . 0 .1 7 7 7
10123 5 .2 0 4 2 5 .6 1 5 6 7 .9 3 2 0 3 .8 8 0 2 u .6 957 0 ,6 9 1 0 0 .5 0 8 3
Redwood t
11111 0 .1 9 3 3 w 2 .5 8 8 2 0 .0 3 0 3 0 .1 5 6 5 0 .4 5 2 0
11112 0 .2 8 5 8 Oft 2 .8 8 6 8 0 .0 2 7 6 1 .0 3 7 7 0 .1 4 8 7 0 .4 7 9 5
11121 0 .0 0 8 7 H 0 .7 4 5 5 0 .0 0 1 3 0 .0 0 9 2 0 .1 4 3 7 0 .4 5 9 7
11122 0 .1 5 2 6 " 0 .6 2 0 7 0 .0 0 1 6 0 .1 2 8 4 0 .0 1 0 4 0 .4 2 3 0
S o u th e r n  p in e  
12111
t
0 .7 9 5 1 w 0 .1 9 9 4 0 .0 1 2 5 0 .4 2 0 6 0 .0 1 5 7 0 .5 5 9 3
Table 33 (Continued)
Spec im ens **1 *w2 kg kew rw S
Darcy D arcy D arcy D arcy D arcy
12112 1.2381* a a 0 .1 3 6 0 0 .0 0 0 8 0 .0 0 0 6 0 .5 4 4 8
12113 1*5939 — 0 .1 6 0 0 0 .0 0 1 0 0 .3 4 4 7 0 .0 0 0 6 0 .5 1 5 7
12121 0 .0 0 0 2 —— 0 .0 2 5 8 mm a —— a a aw
12122 0 ,0 0 0 1 — 0 ,0 1 4 4 a _ a a aw
12123 0 .0 0 0 1 — 0 .0 2 1 8 aw — mm kirt
B a ld c y p r e s s i
13111 0 .4 5 9 8 2 .3 8 3 5 0 .0 2 1 8 0 .9 9 9 1 0 .0 4 7 3 0 .6 4 0 7
13112 0 .4 6 4 1 — 0 ,7 5 2 2 0 .0 1 9 9 1 .0 7 9 6 0 .0 4 2 8 0 ,7 7 5 0
13113 1 .5 5 1 4 — 2 .7 7 2 7 0 .0 3 3 5 2 .8 7 5 4 0 .0 3 4 0 0 .7 1 2 1
13121 0 .0 0 3 4 am am 0 .0 1 3 3 0 .0 0 1 1 0 .0 1 3 4 0 .3 1 5 6 0 .5 1 1 4
13122 0 .0 0 7 4 - - 0 .0 1 5 6 0 .0 0 0 7 0 .0 1 5 0 0 .1 0 0 2 0 .5 5 3 9
13123 0 .0 1 0 2 — 0 .0 2 4 1 0 .0 0 1 0 0 .0 3 5 6 0 .0 9 6 5 0 .5 4 6 1
- 'S p e c im e n  number. The seco n d  t o  t h e  l a s t  d i g i t  r e p r e s e n t s  wood t y p e ,  i . e .  
sapwood ( 1 )  and heartw ood  ( 2 ) .
- / No m easurem ent made* The heartw ood  sp ec im en s  o f  s o f t  maple c o l l a p s e d  
d u r in g  d r y in g .
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T a b le  3 4 . D a ta  on  t r e a t a b i l i t y  m e a su r e m e n ts
C op p er  s u l f a t e  C r e o s o t e
S p ec  im en s A b s . P e n . A bs • P e n .
l b / c u  f t in c h l b / c u  f t in c h
B la c k  l o c u s t t
m i s / 1 . 4 5 0 8 0 . 6 0 6 1 6 .0 0 7 1 0 . 5 9 3
1 1 1 2 1 . 4 2 6 2 0 . 5 9 8 1 7 .0 8 8 7 0 .6 1 0
1 1 13 1 .4 2 6 6 0 . 6 1 5 1 3 .5 8 2 9 0 . 6 1 4
1121 0 .4 0 2 9 0 .4 8 6 6 .4 2 6 3 0 .3 0 6
11 22 0 .3 9 3 9 0 . 4 8 2 5 . 7 7 3 2 0 . 2 4 2
1123 0 . 3 1 5 5 0 . 3 6 2 5 .5 1 9 9 0 .3 7 6
A m erica n  e lm t
2111 l .? 2 5 1 0 .6 2 1 1 0 .2 5 2 0 0 . 5 9 5
2 1 1 2 1 .8 0 0 6 0 . 6 1 9 1 3 .2 0 9 3 0 .6 2 6
21 13 1 .6 6 4 2 0 . 5 6 7 8 .9 3 9 6 0 .6 2 1
2121 0 .6 8 4 9 0 . 5 1 8 7 .7 3 4 7 0 .5 9 7
2 1 2 2 0 . 5 7 0 0 0 . 4 8 9 7 . 8 7 7 8 0 .5 6 1
21 23 0 . 6 4 9 7 0 . 5 2 3 7 .5 5 4 1 0 .5 5 6
W h ite  o a k t
3111 0 . 5 3 5 2 0 . 5 0 4 5 .2 8 7 9 0 . 2 3 5
3 1 1 2 0 . 5 3 9 7 0 .3 6 1 5 .4 2 3 6 0 .3 1 9
3 H 3 0 . 5 8 2 0 0 .4 4 9 5 .9 6 3 1 0 .2 7 9
31 21 0 . 1 9 1 2 0 .0 8 7 1 . 6 3 9 4 0 . 0 7 3
3 1 2 2 0 . 1 7 6 5 0 . 1 0 4 2 .6 2 6 3 0 .0 4 7
31 23 0 .1 7 0 9 0 .1 0 6 2 .5 1 0 3 0 . 0 3 2
H a c k b e r r y  i
i n n 1 . 5 7 2 4 0 . 5 9 4 6 . 6 4 0 8 0 . 5 5 4
4 1 1 2 1 .0 0 2 6 0 .5 8 1 6 . 1 0 5 3
7 . 1 6 7 4
0 . 5 1 2
4 1 1 3 1 .4 9 1 1 0 .6 1 1 0 . 5 1 2
4 1 2 1 1 .3 7 5 0 0 . 5 9 2 8 .0 6 1 9
9 . l 4 4 5
0 .6 0 9
4 1 2 2 1 . 3 1 0 0 0 .5 9 7 0 .5 6 9
4 1 2 3 1 .1 7 9 0 0 . 5 9 0 8 . 0 9 4 0 0 .5 3 3
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Table 34 (Continued)
C opper s u l f a t e ____________ C r e o s o t e
S p ec im en s Abs* P e n . A b s . P e n .
l b / o u  f t in c h l b / c u  f t in c h
Sycam ore t
5111 1 .1 0 2 8 0 .5 9 3 1 0 .8 1 9 9 0 .5 9 8
5 1 1 2 1 .4 9 1 5 0 .5 8 3 1 0 .8 9 7 0 0 .6 0 8
5113 1 .6 0 7 1 O .5 8 I 1 3 .0 6 9 6 0 .6 0 4
5121 1 .0 3 8 8 0 .5 5 6 9 . 1 3 4 4 0 .6 1 7
51 22 0 .9 8 6 6 0 .5 6 0 1 0 .4 7 8 3 0 .6 0 8
5123 1 .1 1 2 0 0 .6 0 7 9 . 0 9 2 0 0 .6 1 0
Sw eetgum i
6111 O.6 5 6 5 0.1*95  
0 . 1*1*2
8 .1 4 7 7 0 ,4 0 3
6 1 1 2 0 .4 8 5 3
O.9 6 9 &
7 .5 4 8 5 0 .3 8 2
6 1 1 3 0 . 1*00 8 . 1 2 9 5 o , 4 o i
6121 0 .8 8 1 9 0.1*81* 8 .4 7 3 1
8 .5 9 4 6
0 .4 4 7
6 1 2 2 0 .6 1 0 6 0.1*78 0 .4 1 3
6 1 2 3 0 .8 9 9 7 0 .5 1 3 8 .7 8 7 9 0 .4 4 6
S o f t  m ap le^ /1
7111 0 .1 2 6 2 0 . 11*0 1 .9 5 0 7 0 .3 7 9
7 1 1 2 0 .1 1 0 8 0 .2 1 4 3 .9 0 0 9 0 .3 7 1
7 1 1 3 0 .2 7 1 1 0 .1 3 5 3 .0 5 2 1 0 .4 0 5
B la c k  w i l l o w  i
8111 1 .1 0 6 8 0 .4 6 3 1 0 .1 5 3 6 0 .4 8 0
81 12 1 .2 6 5 0 0 .5 4 0 1 2 .3 3 0 1 O .5 8 O
0 . 4 4 48113 1 .2 8 9 8 0 .5 1 9 1 1 .8 0 5 2
81 21 1 .1 9 7 5 0 .6 0 1 1 0 .7 2 1 3 O.6 0 6
81 22 1 .2 2 8 0 0 .5 3 6 5 .9 8 1 5 0 .6 0 0
8123 1 .0 2 1 7 0 .5 9 2 5 .5 6 3 3 0 .5 9 8
91 11 1 .3 7 3 0 0 .6 0 8 9 .2 8 1 1 0 .6 0 8
9 1 1 2 1 .3 8 9 9 0 .5 8 2 1 1 .5 1 2 9
1 0 .4 2 7 2
0 .6 0 8
9 1 1 3 1 .3 2 9 5 0 .5 6 3 0 .6 2 3
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Table 34 (Continued)
C opper s u l f a t e _____________C r e o s o t e
S p ec im en s A b s . P e n . A b s . P e n .
X b /cu  f t in c h l b / c u  f t in c h
C otton w ood  1
10111 1 .2 2 1 1 0 .6 0 8 1 0 .7 5 5 6 0 .5 6 1
101 12 1 .0 0 7 9 0 .6 0 0 9 . 2 5 3 9
1 1 .2 4 2 6
0 .5 0 1
10113 1 .2 5 5 7 0 .5 8 1 0 . 5 1 2
10121 1 .1  466 0 .6 0 1 9 . 9 6 7 4 0 .5 4 8
10122 1 .2 1 4 7 0 .6 0 9 1 0 .1 9 9 2 0 .4 9 8
10123 1 .1 0 5 1 0 .5 9 1 1 0 .7 8 6 7 0 .4 9 9
Redwood^ / 1
11111 0 .5 4 0 1
0 .4 5 7 4
0 .3 0 2
111 12 0 .3 0 5 — —
11121 0 .0 9 6 3 0 .2 2 5
11122 0 .3 8 1 5 0 .2 7 1 ----- - -
S o u th e r n  p i n e i
12111 0 .6 8 3 1 0 .4 8 0 3 . 2 6 6 8 0 .4 3 0
121 12 0 .5 6 6 0 0 .4 8 8 2 . 4 1 2 2 o . 3 4 o
12113 0 .5 2 6 4 0 ,4 6 3 4 . 6 6 3 8 0 .3 7 2
12121 0 .1 8 1 3 0 .3 0 6 0 .9 1 2 8 0 .2 2 1
12122 0 .1 4 9 5 0 .3 6 8 1 .8 4 9 0 0 .2 2 5
12123 0 .1 6 8 6 0 .3 9 5 2 .6 7 2 2 0 .2 4 0
B a l d c y p r e s s i
13111  0,68*1-2 0 .3 6 5  3 . 6 6 8 2  0 .4 3 1
13 112  0.72*1-2 0 .3 9 8  *(-.0 7 2 5 0 .4 7 3
13113  0 .8 6 9 9  0 .5 6 8  3 .2 6 3 3  0 .3 6 5
Table 34 (Continued)
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C opper s u l f a t e C r e o s o t e
S p e c im e n s A b s . P e n . A b s . P e n .
l b / c u  f t in c h l b / c u  f t in c h
13121
1 3 1 2 2  
131 23
0 . 2 9 1 2
0 .4 0 7 6
0 . 2 9 8 0
0 . 2 8 ?
0 . 3 0 4
0 . 2 9 8
4 .3 8 4 1
3 * 3 4 1 1
3 . 7 6 1 8
0 .2 7 9
0 . 2 7 4
0 .2 6 1
^ S p e c i m e n  number* The s e c o n d  t o  t h e  l a s t  d i g i t  
r e p r e s e n t s  wood ty p e *  i . e . ,  sapw ood ( 1 )  and h e a r tw o o d  
( 2 ) .
■=^The h e a r tw o o d  s p e c im e n s  o f  s o f t  m ap le  c o l l a p s e d  
d u r in g  d r y i n g .
^ T h e r e  w ere  no red w ood s p e c im e n s  f o r  c r e o s o t e  
t r e a t m e n t .
1 8 9
T a b le  3 5 •  D a ta  on c a p i l l a r y  p r e s s u r e  m ea su rem en ts
S p ec im en s MCmax MC S a t u r a t io n
D arcy P e r c e n t P e r c e n t
A m erican  e lm i
2211^ 1.44-21 1 6 4 .9 7 6 3 .7 1 0 .3 8 6 2
2 2 1 2 1 .3 4 1 5 1 7 3 .0 8 5 9 .3 4 0 .3 4 2 8
2213 0 .8 8 0 8 1 7 4 .2 0 6 8 .2 4 0 .3 9 1 8
2214- 2 .0 1 5 5 1 8 6 .3 8 6 9 .1 0 0 .3 7 0 7
2221 0 .3 1 6 9 1 7 4 .8 1 6 4 . 8 8 0 .3 7 1 2
22 22 0 .2 1 7 1 1 8 5 . 9 4 6 5 .9 9 0 .3 5 4 9
2223 0 .2 5 0 9 1 7 6 .4 0 6 8 .5 6 0 .3 8 8 ?
2 2 2 4 0 .2 8 5 3 1 8 6 .6 0 6 7 .4 3 0 .3 6 1 3
S y ca m o re i
5211 3 .3 4 5 1 1 4 3 .4 7 5 7 .8 3 0 .4 0 3 1
5 2 1 2 2 .5 0 5 8 1 3 9 .0 3 5 4 .1 2 0 .3 8 9 2
5213 3 .6 6 7 3 i 4 o . i o 5 0 . 1 4 0 .3 5 7 9
5 2 1 4 5 .8 9 5 1 1 4 6 .9 3 5 2 .5 5 0 .3 5 7 6
5221 3 .1 0 5 0 1 4 5 .4 0 6 5 . 2 8 0 .4 4 9 0
52 22 4 .6 9 1 1 1 3 4 .4 2 6 3 .2 8 0 .4 7 0 8
5223
5 2 2 4
7 .2 5 4 2
2 .5 2 5 3
1 3 8 .2 5
1 4 2 .0 4
5 4 .9 7  
6 2 . l 4
0 .3 9 7 6
0 .4 3 7 4
B a ld c y p r e s s i
13211 0 .8 7 2 1 1 9 6 .8 0 3 5 . 6 1 0 .1 8 0 9
13 2 1 2 1 .6 3 4 7 2 1 0 .1 2 3 5 . 1 4 O .I 672
13 2 1 3
1 3 2 1 4
1 .6 7 8 0 1 6 4 .5 4 3 3 . 1 4 0 .2 0 1 4
0 .8 7 1 7 2 0 1 .7 0 3 3 .8 9 0 .1 6 8 0
13221 0 .0 0 0 8 1 6 5 .2 4 3 8 . 3 4 0 .2 3 2 0
13 2 2 2 0 .0 0 0 8 1 4 9 .6 1 3 3 . 2 8 0 .2 2 2 4
13 2 2 3
13 2 2 4
0 .0 0 0 6 1 2 8 .2 8 3 1 . 7 4 0 .2 4 7 4
0 .0 0 0 8 1 3 1 .0 4 3 0 .3 9 0 .2 3 1 9
^ S p e c i m e n  number* The s e c o n d  t o  t h e  l a s t  d i g i t  
r e p r e s e n t s  wood ty p e*  i . e . ,  sapwood ( 1 ) and h e a r tw o o d  
(2) .
T a b le  3 6 .  M o is tu r e  c o n t e n t  ( p e r c e n t )  d i s t r i b u t i o n  a lo n g  th e  l e n g t h  o f  th e  
c a p i l l a r y  p r e s s u r e  sp ec im en s
S l i c e  1 S l i c e  2________ S l i c e  3________ S l i c e  4________ S l i c e  5
Specim en s Out I  r & Out In Out In Out In Out In
A m erican  elm t




7 1 .0 4
6 5 .8 5
7 2 .7 3
7 1 .2 2
6 4 .1 5
5 5 .7 1
6 8 .9 9
7 4 .5 2
7 1 .7 1
6 5 .8 0
7 9 .5 1
7 4 .2 2
6 5 .6 0
6 1 .5 7
7 1 .5 2
7 7 .0 6
6 7 .2 5
6 2 .7 5
7 7 .5 3
6 8 .0 2
6 2 .0 5
5 7 .3 8
6 7 .3 0
7 0 .7 5
6 3 .5 9
5 5 .2 4
6 9 .3 4
6 6 ,2 3
6 0 .9 8
6 4 .9 4
6 2 .6 2
6 7 .1 5
5 8 .5 5
5 4 .6 4
6 4 .2 9
6 1 .4 7
5 6 .3 6
5 1 .0 4
5 9 .6 8





5 7 .6 2
5 9 .6 6
6 I .9 8
6 1 .9 0
6 1 .3 5
5 8 .0 5
5 8 .9 7
5 9 .9 1
6 2 .4 3
6 5 .0 5
6 8 .8 2
6 6 .1 7
5 1 .4 4
6 2 .0 8
6 3 .4 0
6 1 .4 0
6 6 .4 8
6 6 .7 8
7 1 .9 1
7 0 .0 5
65*64
6 5 .1 9
6 6 . 7 2
6 4 .2 4
7 0 .5 8
7 0 .6 2
7 4 .4 7
7 2 .2 0
6 8 .2 1
6 8 .0 3
7 0 .0 7
6 4 .6 0
6 4 .6 6
6 6 .9 7
6 8 .7 0
7 0 .2 4
6 3 .1 2
6 5 .8 9
6 7 .6 8






6 2 .9 9
5 4 .4 0
5 1 .3 0
5 5 .3 1
5 5 .9 8
5 3 .2 2
4 9 .4 4
5 0 .7 3
6 7 .2 9
5 9 .5 9
5 5 .1 2
5 6 .9 8
5 5 .7 3
5 5 -4 2
5 0 .4 4
5 2 .4 0
6 2 .0 4
5 7 .8 4
5 4 .7 8
5 6 .5 8
5 4 .9 1
5 4 .2 7
4 8 .4 7
5 0 .7 0
6 0 .8 3
5 3 .5 3
5 1 .4 8
5 2 .8 0
5 3 .0 0
5 3 .1 1
4 7 .1 4
4 9 .2 5
5 5 .1 6
4 9 .1 2
4 8 .3 1
5 0 . 8?
5 1 .9 3
4 9 .1 ?
4 5 .0 4





6 5 .9 2
6 2 .4 6
5 5 .5 0
6 2 .7 3
6 3 .4 4  
6 1 .2 2
5 3 .4 4  
5 9 .9 0
73*28
6 6 .6 7
5 7 .6 6
6 6 .4 4
6 7 .0 6
6 4 .1 1
5 6 .2 8
6 1 .9 1
7 2 .3 9
6 7 .2 7
5 8 .2 7  
6 7 .2 9
6 3 .9 2
6 3 .5 6
5 4 .3 0
6 0 .9 8
6 8 .9 9  
6 6 .0 3  
5 5 .7 6  
6 6 .0 6
6 2 .3 3
6 1 .5 6
5 4 .0 4
6 0 .0 4
6 1 .0 2
5 9 .2 1
5 1 .6 7
6 0 .6 1
5 7 .4 9
5:8
5 6 .6 7
T ab le  36 (C o n tin u ed )
S l i c e  1 S l i c e > 2 S l i c e  3 S l i c e  4 S l i c e  5
Sp ecim en s Out In Out In Out In Out In Out In





3 5 -9 3
36*53
3 6 .7 2
31*14
36*36
3 4 ,4 1
3 2 .1 8
3 3 .7 7
3 6 .0 8
3 5 .0 6
3 3 .1 0
3 2 .5 8
3 5 .9 5
3 5 .0 3
3 3 .5 4
3 6 .4 ?
3 6 .6 6  
3 7 .2 3  
3 4 .1 5  
3 3 .5 9
3 4 .6 8
3 4 .5 1
3 3 .0 7
3 5 .6 3
3 6 .2 7
3 5 .6 5
3 3 .9 5
3 2 .7 2
3 4 .4 8
3 4 .1 2
3 3 .1 2  
3 4 .6 7
3 5 .0 3
3 5 .5 6
3 1 .5 5
3 2 .2 6
3 4 .3 5
3 3 .0 2
3 1 .3 7





3 9 .8 6
34*05
3 1 .6 8
3 0 .4 ?
4 1 .4 9
3 3 .7 3
3 1 .8 4
3 0 .7 9
3 9 .8 9
3 3 .8 2
3 2 .3 9
3 0 .3 2
3 9 .8 3
3 4 .5 7
3 3 .1 2
3 1 .5 0
3 7 .9 5
3 4 .3 9
3 2 .0 8
3 0 .4 6
3 8 .7 4
3 2 .8 2
3 2 .4 9
3 0 .8 4
3 7 .5 0
3 3 .2 7
3 0 .5 8
3 0 .2 6
37*80
3 1 .7 2
3 2 .0 0
3 0 .6 2
3 4 .7 6
3 2 .8 0
3 1 .0 5
2 9 .4 6
3 6 .3 1
3 1 .6 1
2 9 .8 9
2 8 .4 3
-^ S am p les  were p o s i t i o n e d  i n  t h e  c e n t r i f u g e  head i n  such a  way t h a t  one  
s i d e  was a lw ays  c l o s e s t  t o  t h e  c e n t e r  o f  r o t a t io n *  T h is  s i d e  was l a b e l l e d  th e  
"In" p o s i t i o n .  The o p p o s i t e  s i d e  was t h e  "Out" p o s i t i o n *
Sp ecim en number* The seco n d  t o  th e  l a s t  d i g i t  r e p r e s e n t s  wood t y p e ,  i . e . ,  
sapwood ( 1 )  and heartw ood ( 2 ) .
CURRICULUM VITAE
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r e c e i v e d  h i s  B a c h e lo r  o f  S c i e n c e  i n  F o r e s t r y  d e g r e e  
from  t h e  U n i v e r s i t y  o f  t h e  P h i l i p p i n e s .  He was em ployed  
a s  a  T e c h n o l o g i s t  i n  th e  F o r e s t  P r o d u c ts  R e se a r c h  I n s t i ­
t u t e  a t  Laguna upon g r a d u a t i o n .  He became an I n s t r u c t o r  
a t  t h e  C o l l e g e  o f  F o r e s t r y ,  U n i v e r s i t y  o f  t h e  P h i l i p ­
p i n e s  i n  Septem ber  1 9 6 1 .
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s i t y  o f  New Y ork, C o l le g e  o f  F o r e s t r y  f o r  g r a d u a te  
s t u d i e s .  He o b ta in e d  h i s  M aster  o f  S c ie n c e  d e g r e e  in  
June 196^ . From June 1966 t o  O ctob er  1 9 6 7 * th e  a u th o r  
underw en t r e s e a r c h  and p r a c t i c a l  t r a i n in g  a t  th e  F e d e r a l  
R e se a rc h  O r g a n iz a t io n  f o r  F o r e s t r y  and Wood T ech n o lo g y  
i n  R e in b e k , W est Germany.
In  F eb ru a ry  1971* th e  a u th o r  e n t e r e d  t h e  G raduate  
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l e a d i n g  t o  th e  d e g r e e  o f  D o c to r  o f  P h i lo s o p h y .  The 
a u th o r  i s  m a r r ie d  t o  O f e l i a ,  n e e  B a q u ira n , and t h e y  have  
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